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How To Use this Book 


Purpose 

This book was written primarily for students of human anatomy and physiology; however, it will be useful for teaehers or 
anyone else with an interest in this topie. It was designed to be used in eonjimetion with any of the major anatomy or 
anatomy and physiology textbooks. What makes it unique, ereative, and fun is the visual analogy learning system. This will 
be explained later. The modrilar format allows you to focus on one key eoneept at a time. Eaeh module has a text page on the 
left with eorresponding illristrations on the faeing page. Most illristrations are rmlabeled so that you ean quiz yourself on the 
stmetrires. A handy key to the illiistration is provided on the text page. While this book eovers most all major organ systems, 
the topies are weighted more toward areas that typieally give students difficulty. It uses a variety of learning aetivities such as 
labeling, eoloring, and mnemonies to help instmet. In addition, it offers speeial study tips for mastering difficult topies. 


l/l/hat Are Visual Analogies? 

A visual analogy is a helpful way to learn new material based on what you already know from everyday life. It eompares an 
anatomieal structure to something familiar such as an animal or a eommon objeet. For example, the vertebral column has 
three different types of vertebrae. One type looks like a giraffe. Oomparing the vertebra to a giraffe allows you to mentally 
eorrelate the unknown (vertebra) with the known (giraffe). Doing this aeeomplishes several things. 

1. It reduces your anxiety about learning the material and helps you focus on the task at hand. 

2. It forees you to observe anatomieal structures more earefiilly. After all, being a good observer is the first step to 
beeoming a good anatomist—or any type of seientist! 

3. It makes the learning more fun, relevant, and meaningful so you ean better retain the information. 

Whenever a visual analogy is used in this book, a small picture of it appears in the upper righthand eorner of the illustration 
page for easy referenee. This allows you to quickly referenee a page visually, simply by flipping through the pages. 


leons llsed 

The following ieons are used throughout this book: 

Mieroseope ieon—indieates any illristration that is mieroseopie. 

Crayon ieon—indieates illustrations that were speeially made for eoloring. Even 
though students may eolor any of the ilhistrations to enhanee their learning, they 
may benefit more by referring to this ieon. In some eases, written instmetions appear 
next to this ieon with direetions about exactly what to eolor or how to eolor it. 




Seissors ieon—indieates that something is either cut or broken. For example, it 
may be used to show that a ehemieal bond between two moleerdes is broken. 


Ek® Three-dimensional ieon—indieates a threeMimensional view of an anatomieal stmetrire. 
|~P) Two-dimensional ieon—indieates a two-dimensional view of an anatomieal structure. 



s 

S V 
N 


Dashed lines usually are used to indieate a structure that is behind another structure. 
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Abbreviations and Symbols 

The following abbreviations are eommonly used throughout this book: 


l. = left 
r. = right 
a. = artery 
v. = vein 

m. = miisele 


n. = nerve 

ex. = example 

sing. = singiilar 

pl. = pliiral 



Water 


Carbon 

Dioxide 



Oxygen 





Oa 







@ Hydrogen 
atom 


© Hydrogen 
ion 



Adenosine 

Triphosphate 

Adenosine 

Diphosphate 


(e^) Eleetron 



Glucose / 
Monosaeeharide 

Polysaeeharide 



Mouth 


inorganie 

Phosphate 

Group 



Stomaeh 


Polypeptide or 
Protein 



Small 

intestine 



Seeretion of a 
substance 


Amino aeids 

Lipid (Triglyeeride) 
Glyeerol 


+ Stimulate 


U inerease 

o Inhibit 

| Deerease 


Fatty aeid ehains 



Stimulus 



Response(s) 


r 


eell 

body 


ò 


axon 


synaptie 

knobs 




r Neurons 

J 


I sineerely hope that this book will be a fun, helpful tool for anyone who is interested in learning human 
physiology. Many of the visual analogies used in the book have been tested with students in both lab and 
leetrire settings to ensure that they are useful. 


Enjoy learning with visual analogies! 
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VISIIAL ANALOOVINDEX 
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VISIIAL ANALOGYINDEX 



TOPIC 


ANALOGY 


ICON(S) 


PAGE NO. 


Cellular Physíology 
Epíthelial Oells 


Tíght junctions are like rivets 



p. 63 


13. Tissues— 

Simple Squamous 
Epithelium 


Eaeh eell looks like a fried egg 



p. 65 


14. Tissues— 

Simple Cuboidal 
Epithelium 


Eaeh eell looks like an iee cube 



p. 67 


15. Tissues— 

Simple Columnar 
Epithelium 


Eaeh eell looks like a column 



16. Tissues— 
Variations in 
Connective Tissues 


Collagen is like a steel eable; 
elastin is like a mbberband 


17. Tissues— 

Reticular 

Connective Tissues 


Reticular fibers are like cobwebs 


18. Tissues- 
Cartilage 


Cartilage is like a bloek of 

Swiss eheese 





p. 69 



p. 77, 85 


p. 83 


p. 89, 91,93 


19. Tissues 
Bone 


Osteon looks like a tree stump 



p. 95, 113 


20. Tissues— 

Skeletal Muscle 


Eaeh skeletal muscle eell looks 

like a bireh tree log 



p. 97 


21. Tissues— 

Cardiac Muscle 


The interealated dise is like 

two pieees of a jigsaw puzzle 



p. 99 


22. Tissues— 

Smooth Muscle 


Smooth muscle staek in a sheet 
like brieks in a wall 



p. 101 
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VISIIAL ANALOOVINDEX 


TOPIC 

ANALOGY 

ICON(S) 

PAGE NO. 

23. Tissues— 

Nervous Tissue 

Multipolar neuron looks like an 

octopus 


p. 103 

24. Skeletal System— 

Skull 

The eoronal suture is like a 
tiara (crown); The sutures on the 
posterior aspeet of the skull looks 

like a modified peaee sign 

& (| 


p. 116 

25. Skeletal System— 

Skull 

The sella turcica of the sphenoid 
bone looks like a horse’s saddle 

V 

p. 117 

26. Skeletal System— 
Temporal Bone 

Temporal bone resembles a 

rooster’s head 


p. 121 

27. Skeletal System— 
Ethmoid Bone 

Superior view looks like a 
door hinge; erista galli looks 

like a shark fin 

\ •'T\ 

p. 123 

28. Skeletal System— 
Sphenoid Bone 

Sphenoid resembles a bat 

«2^33» 

p. 125 

29. Skeletal System— 
Sphenoidal Foramina 

Remember the sphenoidal 
foramina with Ros the cowboy 


p. 127 

30. Skeletal System— 

Palatine Bones 

Palatine bones are like 

2 letter “L”s —one the mirror 
image of the other 


p. 129 

31. Skeletal System— 
Numbers of Vertebrae 

Total number of eaeh type of 
vertebrae eorrespond to 

meal times 

e © 

p. 131 

32. Skeletal System— 

Atlas and Axis 

Atlas the turtle head; 

Axis the football player 


ì 

p. 133 
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VISUAL ANAL06YINDEX 


TOPIC 

ANALOGY 

ICON(S) 

PAGE NO. 

33. Skeletal System — 

Lumbar Versus 

Thoraeie 

Thoraeie and lumbar vertebrae 
are like a goose with wings 
in different positions 

/á 

) 0 

p. 135 

34. Skeletal System— 

Lumbar Versus 

Thoraeie 

“Thoraeie giraffe; 

Lumbering moose” 

r ^ 

p. 137 

35. Skeletal System— 
Humerus 

Distal end of the humerus looks 
like the hand of a hitehhiker 

(iii 


p. 143 

36. Skeletal System— 

Radius and Ulna 

Head of radius — hoekey puck 

Ulna — ereseent wrench 


p. 145 

37. Skeletal System— 

Pubis Bones 

Pubis bones — mask; 

Coccyx — rattlesnake tail 


p. 131, 149 

38. Muscular System — 

Aetin Filament 

Eaeh aetin filament is like a 

double-stranded ehain of pearls 

& 


p. 163 

39. Nerve and Muscle — 

The Contraction Cycle 

Myosin head is like a 

double-headed eotton swab 

O ?f 

, AA 

J 

p. 167 

./ 

> 

40. Muscular System — 
Muscles of Neek, 
Shoulder, Thorax, 
and Abdomen 

Peetoralis major — fan; 

Serratus anterior — serrated knife; 
Abdominal muscles — sandwich 

^ 

p. 175 

41. Muscular System— 
Muscles of Thigh 

Sartorius is like a sash 

% 

p. 179 

42. Muscular System— 
Muscles that Move 

Ankle, Foot, and Toes 

Soleus is like a sole flatfish 


p. 181 

43. Nervous System— 
Multipolar Neuron 

Axon of a neuron is like an 

eleetrieal eord 



V 

p. 191 
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VISIIAL ANALOOVINDEX 


TOPIC 

ANALOGY 

ICON(S) 

PAGE NO. 

44. Nerve and Muscle — 

Nerve lmpulse 

Conduction 

Aetion potential is like a 

wave of eleetrie current 


p. 195 

45. Nerve and Muscle— 
Continuous Conduction 

Continuous conduction is like 

a domino effeet 

s 

p. 197 

46. Nerve and Muscle— 
Continuous Conduction 

Saltatory conduction is like 

skipping a stone 

V''""Q 
_ \ 

p. 199 

47. Nervous System— 
Peripheral Nerve 

A peripheral nerve is like 

tubes within tubes 

( 

p. 163, 203 

48. Nervous System— 

Spinal Cord 

The gray matter in the spinal eord 
is shaped like a butterfly 


p. 207 

49. Nervous System— 
Reflexes 

A reflex are involves input, 
proeessing, and output, like 

typing a letter on your laptop 


p. 209 

50. Nervous System— 

Brain Ventrieles 

The ventricular system ean be 
eompared to the neek, head, 
and horns of a ram 

JP 

p. 215 

51. Nervous System— 
Sympathetie Division 
of ANS 

Sympathetie division is like 

stepping on the gas 


p. 231 

52. Nervous System— 
Parasympathetie 

Division of ANS 

Parasympathetie division is like 

stepping on the brake 


p. 233 

53. Speeial Senses — 

Eye — Internal 

Macula lutea is like a target; 

Fovea eentralis — bullseye 


p. 265 

54. Speeial Senses — 

Ear—General Structure 

Malleus — hammer; 
lncus — anvil; 

Stapes — stirmp; 

Cochlea — snail shell 

a * 

p. 267 
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VISUAL ANAL06YINDEX 


TOPIC 

ANALOGY 

ICON(S) 

PAGE NO. 

55. Speeial Senses — 

Tongue 

Fungiform papilla — mushroom 
eap; Filiform papilla — flame 

1 

p. 269 

56. Cardiovascular 

System—Heart 

A-V valves — parachute; 

Valve flap — kangaroo pouch 

Semilunar valves — modified 
peaee sign 

\ 4 , “® 

p. 285 

57. Cardiovascular 

System—Intrinsie 
Conduction System 

The SA node is like the 
spark plug that sets the 
heartbeat 


p. 267, 361 

58. Cardiovascular 

System— 

Cardiac Cycle 

Ventricular eontraetion is like 

wringing out a wet rag 

*■ " 

p. 291 

59. Cardiovascular 

System— 

Blood Flow 

Normal blood flow moves like 

water through a garden hose 


p. 299 

60. Cardiovascular 

System — 

Arterial Pressure 

Blood pressure is like the 

foree of water against the wall 
of a garden hose 


p. 301 

61. Cardiovascular 

System—Capillary 
Function — Filtration 

The filtration proeess is like 

water gushing out of the 
holes in the garden hose 

'T 3 

p. 305 

62. Cardiovascular 

System — Return 
of Venous Blood 

Venous pumps are like 

squeezing a rnbber tube 
with your hands 


p. 307 

63. Lymphatie System — 
Creation of Lymph 

Lymph nodes filter debris like an 
oil filter filters oil in a ear engine 


p. 335 

64. Immune System — 
Overview 

lmmune response is like an army 
attaeking a medieval eastle 

(no ieon — vvritten 
explanation only) 

p. 336 

65. Respiratory System— 
Overview 

Alveoli — bubblewrap; 

Larynx — head of snapping 
turtle 

(ffi) 1 41 ) 

p. 345 


» 
































VISIIAL ANALOGYINDEX 


TOPIC 


ANALOGY 


ICON(S) 


PAGE NO 


66. Respiratory System- 
Meehanies of 
Breathing 


Ribs swing upward like the 

swinging handle on a pail; 

reeoil effeet is like tension 
released from a mbberband 




p. 349 


67. Respiratory System- 
Alveolus 


Alveolar maerophages are like 
the housekeepers of the alveoli 



p. 351 


68. Respiratory System- 
Hemoglobiin 




Hemoglobin functions like a 

taxicab 



p. 355 


69. Respiratory System- 
Neural Oontrol 


Pneumotaxic eenter is like the 

traffie eop 



p. 361 


70. Digestive System- 
Physiology of 
Stomaeh 


Stomaeh mixes up the ehyme 
like batter like a hand mixer 
mixes batter 



p. 379 


71. Digestive System- 
Small Intestine 


Plieae circularis— 

folded earpet sample; 
Villus— single earpet fiber 





p. 381 


72. Digestive System— 
Movement Through 
the Small Intestine 


Peristalsis propels like squeezing a 
tube of toothpaste; segmentation 
mixes like a hand mixer 




p. 383 


73. Digestive System- 
Panereas 


Panereas— tadpole 



p. 387 


74. Digestive System- 
Liver 


Hepatie lobule is like a 

Ferris wheel 



p. 391 


75. Digestive System- 
Appendix 


Appendix is like a worm 



p. 395 


76. Metabolie Physiology- 
Oarbohydrate 
Metabolism 


Reduced eoenzymes are like a 
ear with a trailer earrying an 
eleetron as its eargo 



p. 403 
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VISUAL ANAL06YINDEX 


TOPIC 

ANALOGY 

ICON(S) 

PAGE NO. 

77. Metabolie Physiology 

ETS 

Eleetron transport ehain is like 

passing a hot potato; hydrogen 
ion gradient is like water behind 
a dam 

-J 

p. 409 

78. LJrinary System— 

Kidney 

The ealyees are like a 

pliimbing system 

V 

_ immjj) \ 

p. 421 

79. Kidney— 

Nephron Function— 
Filtration 

GF1P is like a sumo wrestler 


L 

p. 424 

80. Kidney—Regulation 
of the Glomemlar 

Filtration Rate 

The glomerulus is like a 

loop of garden hose 

#1% 

p. 427 

81. Kidney—Nephron 

Pi inn+inn Roahenrntinn 

Reabsorption and seeretion is 

like workers sorting products 
on a eonveyor belt 

Vk - 

p. 429 

Ly v zSr—^ 

i ui iuuui i noauoui puui i 

and Seeretion 


JeL 

82. Kidney— 

Countercurrent 

Multiplier 

Osmolarity is like the 
“saltiness” of the solution 

• 

• 

• 

• 

p. 439, 441 

83. Male Reproductive 

System—Penis 

The penis in eross seetion 
looks like a monkey faee 

% 

ì 

p. 451 

84. Female Reproductive 
System—Ovary 

Ovulation is like a 

water balloon bursting 

1 

p. 465 
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LAN6UA6E OF ANATOMV 

Planes of the Body 


Deseription 


An essential skill in anatomy is being able to visualize a slieed seetion of a tissue, organ, or region 
of the human body. This requires you to mentally jump from the three-dimensional to the two^ 
dimensional. The prerequisite to developing this skill is being able to visualize the different ways that 
an objeet ean be slieed. The three basie planes that ean pass through an objeet to seetion it are: 

Sagittal (median) plane— This plane sliees an objeet down the middle, making a left half and a 
right half. 

Frontal plane— This is also ealled the eoronal plane. The term eoronal means “crown.” This 
plane splits an objeet into a front half and a baek half. 

Transverse plane— This plane divides the body into an upper half and a lower half. 



Key to 1 llustration 


1. Frontal plane 

2. Sagittal (median) plane 

3. Transverse plane 
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LANGIIAGE OF ANATOMY 

Planes of the Body 


Planes of the Body 
(throiigh a 2-year old boy) 



3 . 



Color eaeh plane 
a different eolor. 
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LAN6UA6E OF ANATOMY 

Direetíonal Terms 


Deseription 


Direetional terms are part of the working language of anatomy. They are eommonly used to deseribe 
the position of an anatomieal structure or the position of one body part in relation to another. Some 
of the most eommon terms for body orientation/direetion are given below, along with their meanings 
and examples of how to use them eorreetly in a sentenee. 

Superior: above 
Inferior: below 

ex: The brain is snperior to the limgs. 

The lungs are inferior to the brain. 

Medial: toward the midline of the body 
Lateral: away from the midline of the body 

ex: The nose is medial to the external ear. 

The external ear is lateral to the nose. 

Proximal: nearer the tmnk of the body or point of attaehment 
Distal: farther from the trunk of the body or point of attaehment 

ex: The shoulder is proximal to the wrist. 

The wrist is distal to the shoulder. 

toward the body surface 
away from the body siirfaee 
ex: The skin is siiperfieial to the muscle. 

The mriseles are deep to the skin. 

Anterior/ventral: toward the front 
Posterior/dorsal: toward the baek 

ex: The heart is anterior to the spinal eord. 

The spinal eord is posterior to the heart. 


Superficial: 

Deep: 



Key to lllustration 


1. Superior 

3. Anterior (ventral) 5. Proximal 

7. Medial 

2. Inferior 

4. Posterior (dorsal) 6. Distal 

8. Lateral 
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LAN6UAGE OF ANATOMY 

Direetional Terms 


Direetional Terms 
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LAN6UA6E OF ANATOMY 

Regíonal Terms 


Deseription 


Regional terms are part of the working language of anatomy. Many anatomieal structures are named 
after the region of the body in which they are found. For example, there is the braehial artery, the 
femoral nerve, and the deltoid muscle. Memorizing these terms now will serve you well throughout 
your study of anatomy. 

The table below gives the key to the numbers on the illiistration as well as the definition of eaeh 
regional term. 


Regional Term 

Deseription 

Regional Term 

Deseription 

1. Cephalic 

Flead 

22. Inguinal 

Groin 

2. Frontal 

Forehead 

23. Coxal 

Hip 

3. Orbital 

Eye 

24. Pubic 

Anterior region of the pelvis 

4. Nasal 

Nose 

25. Femoral 

Thigh 

5. Buccal 

Oheek 

26. Patellar 

Knee 

6. Oral 

Mouth 

27. Crural 

Leg 

7. Mental 

Ohin 

28. Tarsal 

Ankle 

8. Oervieal 

Neek 

29. Pes 

Foot 

9. Deltoid 

Shoulder 

30. Oranial 

Skull 

10. Peetoral 

Ohest 

31. Oeeipital 

Baek of head 

11. Sternal 

Sternum 

32. Otie 

Ear 

12. Axillary 

Armpit 

33. Thoraeie 

Ohest (thorax) 

13. Mammary 

Breast 

34. Vertebral 

Spinal column 

14. Braehial 

Arm 

35. Lumbar 

Lower baek 

15. Antecubital 

Front of arm 

36. Oleeranon 

Elbow 

16. Abdominal 

Abdomen 

37. Gluteal 

Buttock 

17. Antebraehial 

Forearm 

38. Manus 

Hand 

18. Oarpal 

VVrist 

39. Perineal 

Region between the anus 

19. Palmar 

Palm 


and the genitals 

20. Digital 

Finger 

40. Popliteal 

Baek of knee 

21. Pelvie 

Pelvis 

41. Oaleaneal 

Heel 
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LANGIJAGE OF ANATOMV 




Regional Terms 


Anterior 


I hope 

these numbers 
wash off! 




Color 

eaeh 

different 

regional 

area 

a 

different 

eolor. 


38 


Note: 

dashed 

lines 

indieate 

borders 

of 

regional 

areas. 


Dorsum 
of the foot 


Posterior 


32 


14 


36 


17 


18 


39 


37 


25 


40 




\ 


% J 


30 


31 


8 




28 


32 





33 


33 


34 




- __ 

16 

35 

16 

* 

* 

* 


- - " * 

* 


% 

% 

* 
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36 


17 


'Nj 




37 


18 


Dorsum 
of the 
hand 


■\ 


25 


40 


y 

\r. 


27 
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LAN6UA6E OF ANATOMY 

Body Oavities and Membranes 


Body Oavities 


1. Dorsal body eavity—eonsists of the eranial and vertebral eavities 

2. Cranial eavity 

eontains the brain 

3. Vertebral eavity 

eontains the spinal eord 

4. Ventral body eavity—eonsists of the thoraeie and abdominopelvie eavities 

5. Thoraeie eavity 

6. Mediastinum 

7. Pleural eavity 

8. Perieardial eavity 

eontains the heart and the lungs 
median eompartment of the thoraeie eavity 
fluid-filled spaee around the lungs 
fluid-filled spaee around the heart 


9. Abdominopelvie eavity eonsists of the abdominal and pelvie eavities 

10. Abdominal eavity eontains the digestive organs, kidneys, and ureters 

11. Pelvie eavity eontains the urinary bladder, internal reproductive organs, 

and the rectum 


Membranes 


Serous membranes are double'layered, flukhfilled saes that surround organs like the heart and the 
lungs. 



To visrialize how a serous membrane surrounds an organ, imagine a fist pushed into a partially inflated 
balloon. The fist is like the organ and the balloon is like the serous membrane. The inner layer of 
the balloon that touches the fist is like the viseeral layer. The outer wall of the balloon is like the 
parietal layer. The balloon’s inner spaee that is filled with air is like the serous eavity which is 
normally filled with a lubricant ealled serous fluid. This fluid is made by eells within the serous 
membrane. 


12. Parietal pericardium 

outermost layer of the serous membrane around the heart 

13. Viseeral pericardium 

innermost layer of the serous membrane around the heart 

14. Perieardial eavity 

fluidTilled spaee between the parietal and viseeral pericardium 

15. Parietal pleura 

outermost layer of the serous membrane around the lungs 

16. Viseeral pleura 

innermost layer of the serous membrane around the lungs 

17. Pleural eavity 

fluid-'filled spaee between the parietal and viseeral pleura 
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LANGIIAGE OF ANATOMY 

Body Oavítíes and Membranes 






Outer wall 
(parietal layer) 

Inner wall 
(viseeral layer) 


Traehea 


Inner spaee 
filled with air 
(serous eavity) 


A serous membrane 
surrounds an organ 
like this balloon 
surrounds the fist. 



Diaphragm 
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LANGIJAGE OF ANATOMY 

Abdominopelvíe Regions and Quadrants 


Abdominopelvie 

quadrants 


Medieal professionals often divide the abdominopelvie region into the following four areas to help 
loeate pain sites due to injuries and other medieal problems. Note that the terms “left” and “right” 
refers to the subject’s left and right. 


RUQ 

= Right upper quadrant 

LUQ 

= Left upper quadrant 

RLQ 

= Right lower quadrant 

LLQ 

= Left lower quadrant 


Abdominopelvie 

regions 


Anatomists often prefer to divide the abdominopelvie region into a more detailed nine square grid. 
The table below explains eaeh region. 


Symbol 

Regional Name 

Deseription 

E 

Epígastrie region 

(epi = above; gastri = belly) 

Loeated at the top of the middle column; eontains the 
duodenum and parts of the following: liver, stomaeh and 
panereas. 

U 

LJmbilieal region (navel) 

Loeated in the eenter of the grid; eontains parts of both the 
transverse eolon and the small intestine. 

H 

Hypogastrie region 

(hypo = below; gastri = belly) 

Loeated at the bottom of the middle column; eontains the 
urinary bladder, sigmoid eolon, and part of the small intestine. 

RH 

Right hypoehondriae region 
(hypo = below; ehondro = eartilage) 

Loeated to the subject’s right of the epigastrie region; 
eontains the gallbladder and parts of both the right kidney 
and the liver. 

LH 

Left hypoehondriae region 
(hypo = below; ehondro = eartilage) 

Loeated to the subject’s left of the epigastrie region; eontains 
the spleen and parts of the following: stomaeh, left kidney, 
and large intestine. 

RL 

Right lumbar region 
(lumbus = loin) 

Loeated to the subject’s right of the umbilical region; eontains 
parts of the following: large intestine, small intestine, and right 
kidney. 

LL 

Left lumbar region 
(lumbus = loin) 

Loeated to the subject’s left of the umbilical region; eontains 
parts of the following: large intestine, small intestine, and left 
kidney. 

Rl 

Right iliae region 

(iliae = largest part of hip bone) 

Loeated to the subject’s right of the hypogastrie region; 
eontains the bottom of the cecum, the appendix, and part of 
the small intestine 

Ll 

Left iliae region 

(iliae = largest part of hip bone) 

Loeated to the subject’s left of the hypogastrie region; 
eontains parts of both the large and small intestine 
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Abdominopelvie Regions and Quadrants 



Small intestine 


Cecum 


Panereas 


Large 

intestine 


The 9 

abdominopelvie 

regions 


Appendix 


Llrinary bladder 
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PHVSIOLOGV OVERVIEW 


Integration Between Organ Systems 


Deseription 


The human body has different levels of structural organization. Atoms ( ex: oxygen ) eombine to form 
molecules (ex: water). Very large moleeides ealled macromolecules (ex: earbohydrates, lipids, proteins, 
mieleie aeids) are the building bloeks used to form any eell (ex: eardiae mnsele eell). A group of similar eells 
working together is ealled a tissue (ex: eardiae muscle tissue). A variety of different tissues working together 
forms an organ (ex: the heart), and a group of organs working together forms a complex organ system (ex: 
eardiovasevdar system = heart and the blood vessels). These complex organ systems all working together form 
an organism (ex: human organism). For eonvenienee, teaehers and textbook authors sometimes discuss 
eaeh organ system independent of the others. But it should be emphasized that no organ system exists as 
an island unto itself because they are all interdependent. Substances such as water, nutrients, and waste 
products have to move between organ systems to maintain homeostasis for the entire organism. Keep in 
mind when studying physiology that it is eommon to jump baek and forth between these different levels of 
structure when learning about physiologieal meehanisms. 

The following ten organ systems are shown in the illustration on the faeing page: integumentary 
system, musculoskeletal system, nervous and endoerine systems, cardiovascular system, lymphatie/ 
immune system, respiratory system, digestive system, urinary system, and reproductive systems. This 
sehematie ilhistration attempts to show the interrelationships between organ systems. The white reetan- 
gular band around the periphery represents the integumentary system. This includes the skin and all its 
eomponents such as hair follieles, oil glands and a host of other structures. Our skin functions as a thin 
mantle to proteet us from our external environment. The musculoskeletal system provides an internal 
framework for support and allows for body movements. Oonsider that movement would be impossible 
without mriseles aeting on bones as a kind of lever system. 

Two organ systems work together to aet as the regulators of body function—the nervous and endo- 
erine systems. Because they both serve a similar purpose, they were plaeed together in the same box. 
Without the nervous system we woLild have no way to deteet stimuli from either our external or internal 
environments, no way to proeess this information, and no way to respond to it. The endoerine system is 
eomposed of glands (ex: panereas) that release ehemieal messengers ealled hormones (ex. insulin), which 
travel through the bloodstream to target a particular structure such as an organ to induce a response. 
Working together, these two systems help maintain the vital aetivities that keep us alive. 

The cardiovascular system eonsists of the heart and all the blood vessels (ex. arteries, veins, arterioles, 
venvdes, and eapillaries). The heart functions as a pump to eonstantly circulate blood throughout the body. 
The blood vessels must eonneet to all the other organ systems to deliver nutrients (ex. oxygen) to all the 
body eells via the bloodstream. 

The following four (4) organ systems eontain organs/structures that are hollow: respiratory system, 
digestive system, urinary system, and reproductive systems. Structurally speaking, all of these systems 
have an internal ehamber ealled a lumen that extends to the external environment. Any substance 
within this lumen is still eonsidered part of the external environment until it erosses the wall of that struc- 
ture and enters body tissues. The major function of the respiratory system is to exchange the respiratory 
gases, oxygen and earbon dioxide, between the body and the external environment. Oxygen is brought in 
from the external environment, transferred to the blood, and delivered to body eells. Oarbon dioxide is a 
normal waste product made by body eells. It is transferred to the blood, then sent baek to the respiratory 
system, where some of it is released to the external environment. 

The digestive system functions to take in nutrients, break them down to their simplest eomponents, 
and absorb them into the blood. Then they are delivered to eells. In addition, the digestive system elimb 
nates waste products from the body. The urinary system eonstantly filters and proeesses the blood to 
eventually form urine, which eontains nitrogen wastes. 

The lymphatie and immune systems typieally are grouped together (even though they are not illustrated 
that way). One major function of the lymphatie system is to take the interstitial fluid found between eells 
and to eleanse it of debris and possible pathogens, then to deliver it baek to the bloodstream. The immune 
system functions to proteet the body from foreign pathogens such as baeteria and vimses. For example, 
when a break in the skin occurs, pathogens may enter the body and the immune system must launch a 
response akin to soldiers going to war. It aeeomplishes this by making antibodies and other stibstanees that 
help fight off these invaders. 
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PHVSIOLOGV OVERVIEW 


Integration Between Organ Systems 


Traee the pathway 
oxygen follows until 
it enters a body eell. 
How many barriers 
must it eross? 



Color the 

different 

organ 

systems 

different 

eolors. 


Sperm 

(male); 

Egg, 

(female) 


Food 



ò 

LJrine 

eontaining 

nitrogen 

wastes 


Feees, 

undigested 

materials 
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PHVSIOLOGV OVERVIEW 


Homeostasís 

Deseription 


Analogy 


Homeostasis is defined as maintaining a stable, eonstant internal environment within an organism. As 
ehanges eonstantly occur in the external environment, organisms must have eontrol systems so they ean 
deteet these ehanges and respond to them. Anything that must he maintained in the hody within a non 
mal range must have a eontrol system. For example, body temperature, blood pressure, and blood glucose 
levels all have to he regulated. 

A eontrol system eonsists of the following four parts: 



Variable: the item that is to be regulated. Consider the variahle to he like a teeter-totter. If it is 
perfeetly balaneed in the horizontal position, it is at the normal value ealled the set point. Just as 
a single person resting on the teeter-totter ean cause an imbalanee, various stimuli ean cause the 
variable to either rise above normal levels or fall below normal levels. 



Reeeptor: senses the ehange in the variahle; provides input to the eontrol eenter. 



Control eenter: determines the value for the set point. 



Effeetor: provides output to influence the stimulus; uses feedhaek to return the system to the origh 
nal set point. 


Feedhaek meehanisms may he either positive or negative. Negative feedbaek meehanisms are the 
more eommon in the human hody. Like a eity works, they regulate the day-to-day aetivities of the body. 
The output in this system is used to turn off the stimulus. A good example of this is explained below, with 
the eooling system in a room used to regulate room temperature. Positive feedbaek meehanisms, in eon- 
trast, are like the emergeney responders. They are not as eommon and they use the responses to intensify 
the original stimulus. A biologieal example of this is labor eontraetions during ehildhirth. A hormone 
ealled oxytocin stimulates the muscle in the wall of the woman’s uterus to strengthen eontraetions so they 
beeome progressively more forceful until the baby is born. 


Let’s use the analogy of regulating room temperature as an example of a eontrol system. If we set the 
room temperature at 68°F, then it falls below normal, the ehange is deteeted and triggers the furnace to 
heat the room baek to the set point. Alternatively, if the room temperature inereases above this level, it 
also is deteeted and triggers the eentral air eonditioning to turn on to eool the room temperature baek 
to normal. The illustration on the faeing page shows the example of a room getting warmer on a hot 
srimmer day. Let’s identify eaeh of the four elements in this eontrol system. 

Variable: Room temperature. Set point? 68°F. 

Reeeptor: Thermometer within the thermostat. 

Control eenter: Thermostat. 

Effeetor: Central air eonditioning. 

Similarly, the body must regulate its own body temperature. Our normal set point is 98.6°F. When 
we are overheating our body responds in numerous ways in an effort to eool itself, such as sweating, 
inereasing our breathing rate, and inereasing our heart rate. Alternatively, if our body temperature is 
falling, we stirmilate proeesses that eonserve or generate heat, such as shivering, deereasing our breathing 
rate, and deereasing our heart rate. 

Variable: Body temperature. Set point? 98.6° F. 

Reeeptor: Hot and eold temperature sensors in the skin. 

Control eenter: Hypothalamus in the brain. 

Effeetor: Skeletal muscles—shivering. 
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Homeostasis 








(D 


(ex: Thermometer) 


Senses the ehange in 
the variable; 
provides INPLIT to 
the eontrol eenter 




(ex: Thermostat) 


© 


CONTROL 

OENTER 


LO PO ' NT Hl 


i 


Determines 
the set point 



(ex: heat from 
the sun) 





© 


REOEPTOR 


EFFEOTOR 



O 



(ex: Oentral 
air eonditioner) 


Provides OUTPUT 
to influence 
stimulus 










Control system: This illustration shows all the features of 
a eontrol system. As an analogy, regulating room 
temperature on a hot day is shown. 
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CEU$—$tructure and Function 

Composíte Cell 


Deseription 


The eell is the basie unit of life. The human organism begins as a single eell ealled a zygote (fertilized 
egg). Then it divides over and over again to produce more than a trillion eells in the adult. Though 
there are many different types of eells with a variety of sizes and shapes, all share basie structural fea^ 
tures in eommon. Eaeh eell is surrounded by a plasma (eell) membrane and eontains many different 
types of organelles (small organ ), eaeh with its own speeial function(s). 


NONMEMBRANOLIS ORGANELLES 


Organelle 

Function 

Centrosome 

(eomposed of 
two eentrioles) 

Forms poles in eell for movement of ehromosomes in eell division. 

Oilia 

Plasma membrane extensions eontaining microtubules that move materials over the eell. 

Mierofilament 

Connects eytoskeleton to plasma membrane; eontraetion allows for movement of part of 
a eell or a ehange in eell shape. 

Microtubules 

Hollow tubes of protein which ean aet as traeks along which organelles move. 

Mierovilli 

Plasma membrane extensions that assist in absorption of nutrients and other substances. 

Ribosomes 

Composed of two subunits, functions in protein synthesis. 


MEMBRANOLJS ORGANELLES 


Organelle 

Function 

Endoplasmie reticulum (ER)—(two types) 
Smooth (has no ribosomes attaehed) 
Rough (has ribosomes attaehed) 

Smooth: lipid and earbohydrate synthesis 

Rough: modifieation and paekaging of newly made proteins 

Golgi complex 

(Golgi body; Golgi apparatus) 

Finishes, stores, distributes ehemieal products of the eell 
(e.g., proteins) 

Lysosome 

Vesieles eontaining digestive enzymes to remove pathogens and 
broken organelles 

Mitoehondrion 

Site of aerobie cellular respiration; produces ATP for the eell 

Nucleus 

• nucleolus (region within nucleus 
eontaining DNA and RNA) 

Large structure that eontains DNA—the genetie material for 
making proteins 

Peroxisome 

Vesieles eontaining enzymes to break down substances such 
as hydrogen peroxide, fatty aeids, amino aeids; detoxifies toxic 
substances 




Key to llliistration 



1 . 

Mierovilli 

8. Nucleolous 

14. 

Vacuole 

2. 

Plasma (eell) membrane 

9. Ribosomes 

15. 

Mierofilament 

3. 

Smooth endoplasmie reticulum 

10. Rough endoplasmie 

16. 

Golgi complex 

4. 

Nuclear pores 

reticulum 

17. 

Cytoplasm 

5. 

Peroxisome 

11. Cytoskeleton 

18. 

Cilia 

6. 

Nucleus 

12. Mitoehondrion 

19. 

Microtubule 

7. 

Nucleoplasm 

13. Lysosome 

20. 

Centrioles 
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Composite Cell 
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CEU$—$tructure and Function 

Plasma (eell) Membrane Structure 


Deseription 


Function 


Every eell is enelosed by an envelope ealled a plasma (eell) membrane. It is the gateway through 
which substances enter or exit any eell. Because this structure is the first level of interaetion with any 
eell, it is very important in physiology. The fundamental repeating unit within a plasma membrane is 
a phospholipid molecule that has two parts: a spherieal headgroup and a tailgroup eonsisting of two 
fatty aeid ehains. The headgroup is hydrophilie (waterAoving) so it is ehemieally attraeted to water 
moleeiiles, while the tailgroup is hydrophobie (water-fearing ), so it is not attraeted to water molecules. 

Phospholipid molecules align and cluster together to form layers. A single layer is ealled a 
phospholipid monolayer. Because plasma membranes have two of these layers, the entire membrane 
is generally referred to as a phospholipid bilayer. 

Proteins are seattered throughout the plasma membrane. Those that span the entire bilayer are 
ealled integral proteins and they have a variety of functions. Some aet as speeial ehannels through 
which only eertain types of ions ean pass. Others aet as reeeptors for hormones or neiirotransmitters. 
Some integral proteins have polysaeeharide ehains attaehed to them and are ealled glyeoproteins. 

Peripheral proteins are a separate eategory because they eonneet to only one surface of 
the membrane. Some may aet as enzymes, while others may serve as a structural eomponent of 
the eytoskeleton. The eytoskeleton is eomposed of a series of filaments and is loeated beneath the 
phospholipid bilayer. It serves as a kind of structural seaffolding that supports the plasma membrane. 

Seleetively permeable membrane; it eontrols what ean enter and exit the eell based on faetors such as 
size, eharge, and lipid sohibility. 



Key to lllustration 

Plasma (Cell) Membrane 

Phospholipid Molecule 

1. Polysaeeharide ehain 

10. Headgroup of phospholipid 

2. Glyeoprotein 

3. Phospholipid monolayer 

4. Oholesterol molecule 

5. Filaments of eytoskeleton 

6. Peripheral protein 

7. Integral protein 

8. Glyeolipid 

9. Phospholipid bilayer 

11. Tailgroup of phospholipid 
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CEUS—$tructure and Function 

Plasma (eell) Membrane Structure 




Imagine that you were a mieroseopieally small 
person and you could flop on a plasma membrane 
It would feel more like falling onto a waterbed 
than landing on a hard surface such as the floor. 



-9 


10 



11 


KEY 

(ICF) = intracellular fluid 
(ECF) = extracellular fluid 






























































CEUS—$tructure and Function 

Cell Cycle and Mítosís 


Deseription 


The life eyele of a eell, ealled the eell eyele, is divided into five phases: interphase, prophase, 
metaphase, anaphase, and telophase. During the longest phase—interphase—eells grow, develop, 
and make eopies of their ehromosomes. Interphase is subdivided into three subphases—G x , S, and 
G 2 . In G x (Gap 1)—when the eell is aetively growing and synthesizing proteins. For most eells this 
period lasts from a few minutes to hours. In the S phase (S for Synthetie) DNA replieation occurs. 
The final phase, G 2 (Gap 2) is relatively short in duration. Enzymes and other proteins needed for 
eell division are produced. 

After interphase, eells prepare to undergo a eell division proeess ealled mitosis. Mitosis begins 
with prophase and ends with the formation of two new daughter eells. The division of the eytoplasm 
during mitosis, ealled eytokinesis, ean begin in late anaphase and ends after mitosis is eompleted. 
Eaeh daughter eell is an exact eloned eopy of the original parent eell. 

A few key events to identify eaeh stage of mitosis are listed as follows: 


Phase of Cell Cycle 

Key Event 

Interphase 

Cell growth; ehromosomes replieate; protein synthesis 

Prophase 

Nuclear membrane disappears; ehromatids visible; spindle fibers appear 

Metaphase 

Sister ehromatids align along the equator of the eell 

Anaphase 

Chromatids are separated and pulled to opposite poles by spindle fibers 

Telophase 

Geavage furrow forms; eell pinehes in two and divides eytoplasm; nuclear 
membrane reappears 


$tudy Tip 


To reeall the phases of the eell eyele, use this mnemonie: 
IPMAT = “I Passed My Anatomy Test” 



Key to lllustration 

Stages of Cell Cycle 

Signifieant Structures 

1. Interphase 

a. 

Plasma (eell) membrane 

2. Prophase 

b. 

Nucleolus 

3. Metaphase 

e. 

Nucleus 

4. Anaphase 

d. 

Centriole 

5. Telophase (and eytokinesis) 

e. 

Chromosome 

Final Products 

6. Daughter eells 

f. 

Centromere 

g- 

Spindle fibers 

h. 

Sister ehromatids 


i. 

j- 

Geavage furrow 

Nuclear membrane (still forming) 


36 





























CEUS—$tructure and Function 


Cell Cycle and Mitosis 


1 . 


To reeall the 
phases of the 
eell eyele, use 
this mnemonie: 



5 . 





€ ^ 

O O 


KEY 


= prophase 
= metaphase 
= anaphase 
= telophase 


6 . 


6 . 
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CEU$—$tructure and Function 

DNA Replieatíon and Cell Divísíon 


Deseription 


Because DNA (deoxyribonucleic aeid) is THE genetie material, it has to be replieated in preparation 
for normal eell division so that a eopy of it ean be plaeed in eaeh new daughter eell (see p. 36). This 
replieation occurs during the S phase of the eell eyele. Structurally, DNA is a complex macn> 
moleerde loeated in the eell nucleus in a double helix form resembling an extremely tall spiral 
stairease. 

To discuss its structure, we will simplify it. Imagine that the spiral stairease is flexible so it ean be 
untwisted into a tall ladder. Then cut the ladder down the middle of the rungs so it is in two equal 
halves. Eaeh half-ladder is bonded to the other by hydrogen bonds. Eaeh halTladder is ereated by 
linking a long ehain of building bloeks ealled nucleotides. Eaeh nucleotide has three parts: 


1. Sugar (5"Carbon) 

2. Phosphate group 

3. a Base (eontaining nitrogen). 


The baekbone of the ladder is made of alternating sugars and phosphate groups bonded to one 
another. The rungs on the ladder are made of base pairs. Eaeh base ean be one of four different types: 
adenine (A), thymine (T), guanine (G), or eytosine (C). The base pairing is as follows: 


A bonds to T (or T to A) 
G bonds to C (or C to G) 


This base pairing is the basis for the genetie eode. This message direets the ereation of proteins 
by speeifying the sequence of amino aeids that are to be joined to make that protein. The type of 
proteins produced determines the type of organism, such as a goldfish, maple tree, or human. These 
proteins also account for individual differenees between members of the same speeies. 

Replieation occurs with the help of speeialized enzymes ealled DNA polymerases. They attaeh 
to one seetion of DNA, and it unzips. Free nucleotides within the eytoplasmie soup are paired with 
their proper bonding partners (A to T, G to C) to synthesize a new strand. Eaeh new DNA moleeiile 
eontains one strand from the parent DNA molecule. 


Analogies 


The DNA double helix is like a spiral stairease. The DNA molecule (simplified version) is like a 

ladder. 

When DNA prepares to replieate itself it is said to UNZIP. This is an accurate deseription. When 
you unzip your eoat, eaeh half of the zipper is like one-half of the DNA molecule, ealled the 
DNA template, used to synthesize a new strand. As the new strand is synthesized, DNA ZIPS 
baek together again. 


Loeation 


DNA is found in the nucleus of all body eells. 
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DNA Replieation and Cell Division 



A: In preparation for eell division. 
Eaeh new eell needs to have a 
eopy of the DNA. 



Original DNAstrand 


New DNA strand 


DNA replieating 

i 



Replieated 
DNA 


Cell divides 


V 




Daughter eells 

(eaeh new eell has the same DNA) 


Nucleotide (detail) 


P 

S 

B 


KEY 

phosphate group 
sugar (5 earbons) 

nitrogen base 
(ean be one of four types: 
adenine (A), thymine (T), 
guanine (G), or eytosine (C)) 


Base pairing in DNA 


A 




T 


A always binds with T 




DNA "unzips" 
to replieate by breaking 
the hydrogen bonds 
between the 

base pairs. Eaeh separated 
strand of DNA then 
serves as a template 
for making a new 
strand of DNA. 


re 


G always binds with C 


✓ 


Color eaeh nucleotide, 
sugar, and phosphate 
group a different eolor 
to nnateh your textbook. 
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CEUS—$tructure and Function 

Protein Synthesís 


Deseription 



Most eells in your hody have one primary task—to make proteins. This proeess is ealled protein synthesis. It 
requires that DNA first he transeribed into a similar molecule ealled messenger RNA or mRNA. Then the 
mRNA must he translated from the base pair language of RNA into the amino aeid language of proteins. 


DNA 


transeription 




(DNA = master 
blueprint) 




translation 


mRNA 

-► 

PROTEIN 




(mRNA = eopy 
of master 
blueprint) 




(protein = new 
offiee building) 


The proeess of protein synthesis in a eell is like building a new offiee huilding. The eonstmetion site is like the 
eytoplasm and the master hlrieprint is like the DNA. The master hlueprint is stored in the trailer on the eom 
stmetion site, just like DNA is stored in the nucleus because it is too large to leave. Just like eopies ean be made of 
the original hlueprint, a smaller eopy of DNA is made, ealled mRNA. It is small enough to leave the nucleus, 
enter the eytoplasm and bind to the eonstmetion workers of the eell, ealled the ribosomes. The raw materials for 
huilding the offiee huilding are steel, eonerete, and glass, to name a few. To huild a protein, the raw materials are 
amino aeids. 


Basie Steps 
in Protein 
Synthesis 


© 




© 




© 




Transeription: The enzyme RNA polymerase travels along DNA and separates the base pairs by “unzip- 
ping” one portion at a time for the piirpose of making a sister molecule to DNA ealled mRNA. The building 
hloeks for making mRNA are ealled RNA nucleotides. The enzyme uses one side of the DNA moleaile as a 
template to mateh the hase of the RNA mieleotide to the eorresponding hase in DNA. As the RNA 
nucleotides are lined up next to eaeh other, they are eovalently bonded together to eventiially form a short, 
single^stranded mRNA molecule. 

RNA proeessing: Like film being edited, the single^stranded mRNA molecule is splieed. Small segments 
ealled introns are removed from the molecule. 

The single-stranded mRNA is small enough to leave the nucleus through the nuclear pore and move into 
the eytoplasm, where it hinds to the small subunit of a ribosome. 

A transfer RNA, tRNA, molecule has an amino aeid binding site at one end and three bases at the other 
end, ealled the anti-eodon. The purpose of the tRNA is to deliver the proper amino aeid to the ribosome. 
With the help of an enzyme and free energy from ATP hydrolysis, one speeifie amino aeid is bonded to a 
speeifie tRNA moleeiile based on its antbeodon sequence. 

The RNA message is read in groups of 3 base pairs. Eaeh group is ealled a eodon. Note that in RNA, the 
base uracil (U) replaees thymine (T), which explains why A bonds to U. The tRNA with the amino aeid 
ealled methionine always binds to the beginning of the message ealled the start eodon. Next, the large 
ribosomal subunit binds to the small ribosomal subunit to aetivate the ribosome. The large subunit eontains 
two binding sites for tRNAs ealled the P site and the A site. 

The initial tRNA binds to the P site. One by one, amino aeids are positioned next to eaeh other, then 
bonded together. This results in a growing polypeptide ehain. Here is how it works: 

A tRNA with the antbeodon matehing the eodon arrives at the A site with the next amino aeid to be added 
to the ehain. The growing polypeptide ehain at the P site is transferred to the tRNA at the A site as it binds 
to the next amino aeid to be added to the ehain. 

As the mRNA slides to the left, it moves the tRNA at the A site over to the P site. Then the tRNA with 
the next amino aeid to be added to the ehain arrives at the A site and the proeess repeats itself. 

The proeess of growing the polypeptide ehain ends when a speeial eodon ealled the stop eodon is reaehed at 
the A site. The final polypeptide is released and the last tRNA is released as well. Finally, the large and small 
ribosomal subunits separate. 
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Protein Synthesis 
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Large 

subunit 


Nucleus 




PO lyme 


?! e oioves 


Large subunit binds 
to small subunit. 


Anti-eodon 
Codon 



mRNA 

OÌW 4 



Nuclear 

pore 


^ Small 

Start Kj subunit 

eodon . 


Growing 

polypeptide 

ehain 




Amino 

aeid 


Nuclear 

membrane 


Nuclear 

pore 


Ribosome 



o 


o 


o 



Amino 
aeids 


A 


Anti- 

eodon 


tRNA 


0 


o 


Q<=>Oo^ 


Next amino 
aeid to be 
added to ehain 


Polypeptide released 


© 


mRNA slides left 



Large ribosomal 
subunit separates 
from small 
subunit. 
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CEU$—$tructure and Function 


Role of ATP 


Deseription 

Adenosine triphosphate (ATP) is the universal energy currency for all eells. Look at the illiistration of 
ATP on the faeing page to understand its structure. It is elassified as a speeialized nucleotide and eonsists 
of three parts: (1) adenine base, (2) ribose sugar, and (3) phosphate groups—three total. The term 
adenosine refers to the adenine base and ribose sugar bonded together. The term triphosphate eomes from 
the faet that there are three phosphate groups eovalently bonded to eaeh other. Because there is a net neg^ 
ative eharge on eaeh of the phosphate groups, they repel eaeh other and make A1P relatively rmstable. 

Cells are highly organized structures that are eonstantly doing work to maintain their physieal 
structure and earry out their general functions. This eyele of regular work requires energy. In biologieal 
systems, it is eommon to couple a spontaneous reaetion with a nonspontaneous reaetion. A metal 
rnsting when exposed to moist air is an example of a spontaneous reaetion (it occurs all by itself). In 
eontrast, muscle eell attempting to eontraet is an example of a nonspontaneous reaetion (it occurs 
only with the input of additional energy). ATP hydrolysis occurs as a spontaneous reaetion and is 
represented by the following ehemieal equation: 

ATPase 

ATP + H 2 0 —» ADP + Pi (inorganie phosphate gronp) + free energy 

This reaetion requires the assistanee of a speeial enzyme ealled an ATPase, which binds an ATP 
moleeiile to itself with a shape-speeifie fit like a loek and key. In any hydrolysis (water splitting ) reaetion, 
a water moleeiile is used to eleave a single eovalent bond. In this ease, it eleaves the eovalent bond 
linking the terminal phosphate group to the seeond phosphate group. During this proeess, water is split 
into a hydroxyl group (OH") and a hydrogen atom (H). The hydroxyl group binds to the phosphoms 
atom (P) in the terminal phosphate group while the hydrogen binds to the oxygen atom on the seeond 
phosphate group (see illustration) . As a result, a more stable molecule ealled adenosine diphosphate 
(ADP) is formed as a result of the deereased repiilsion between the phosphate groups. The free phos- 
phate group often is transferred to another substrate or to an enzyme. 

In addition, some free energy is released in the proeess. The free energy is used to drive proeesses 
that must occur in eells, such as miisele eontraetion, aetive transport of substances aeross plasma merm 
branes, movement of a sperm eell’s tail, manufacturing a hormone, or anything else a eell has to do. 

ATP is manufactured inside the eells via the energy derived from foods that are ingested. During 
this proeess ealled cellular respiration, ATP is formed by bonding ADP and Pi throiigh a series of 
oxidation-reduction reaetions. 

Analogy 

ATP hydrolysis ean be eompared to an investment in a profitable stoek or mutual fund. Though you 
must make an initial investment of your own money, you will reap a greater reward (dividend) in the 
end. Similarly, an initial investment of energy is required to break the eovalent bond in ATP, but the 
result is a larger amoimt of free energy when the new bonds in the final products are formed. 

$tudy Tips 

Unfortunately, the function of ATP and the proeess of ATP hydrolysis often are explained ineorreetly in 
many biology and anatomy and physiology textbooks. Let’s eorreet some eommon miseoneeptions: 

Miseoneeption #1: Breaking ehemieal bonds releases energy. Actually, the opposite is true. 
Dtiring a ehemieal reaetion the formation of new ehemieal bonds in a more stable product 
resrilts in the release of some energy. 

Miseoneeption #2: ATP has a speeial “high-energy phosphate bond” between the seeond 
phosphate group and the terminal phosphate group. The bond here is actually a eovalent 
bond. This statement gives the false impression that this bond is ready to fly apart like a jaek- 
in-the-'box. In faet, bonds are a foree that hold atoms together so an input of energy is neeessary 
to break a ehemieal bond. Instead, the three phosphate groups in ATP are all linked together 
by relatively strong bonds ealled eovalent bonds, which represent shared pairs of eleetrons. 
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Role of ATP 



ATP hydrolysis is like a good investment. Though it requires an initial investment, it will be worth it because a good stoek will return 
more money in its dividend. Similarly, an initial investment of energy is required to break the eovalent bond in ATP, but it's also worth 
the initial investment of energy because the amount of energy released upon formation of the new bonds in the products is greater 
than the inital investment. In summary, there is a net release of energy in ATP hydrolysis. 
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CEU$—$tructure and Function 

Pathvvays Direetly Through Plasma Membranes 


Deseription 


Any substance that is able to either enter or leave the eell must do so by passing throtigh the plasma membrane. In 
general, nutrients such as oxygen have to pass into eells, while waste products such as earbon dioxide have to pass 
out of them. Because the eell membrane is seleetively permeable, it allows some siibstanees to pass through while 
preventing others from doing so. Faetors that determine whether or not a substance ean pass ineliide: (1) size, 
(2) lipid solubility, and (3) eharge. The smaller the size, the easier it is for a molecule to eross. The more lipid- 
sohible the better, as the eell membrane is made of phospholipids. As for eharge, imeharged siibstanees have an 
easier time erossing direetly through the membrane (without using a membrane protein). 

Transport of a substance through the membrane is eategorized as either passive or aetive. Passive transport 
refers to proeesses that occur spontaneotisly without any energy investment by the eell in terms of energy from 
ATP hydrolysis. Aetive transport refers to any transport proeess that occurs only when the eell invests energy 
from ATP hydrolysis to foree transport to occur. 


Passive 

Transport 


Aetive 

Transport 


The illustration on the faeing page shows three types of passive transport through the plasma membrane. All of 
them deal with the difhision proeess, in which a solute partiele spontaneously moves from an area of higher solute 
eoneentration to an area of lower solute eoneentration. Eaeh is deseribed below: 



In simple diffusion a small, nonpolar, uncharged partiele diffuses direetly through the phospholipid bilayer 
of the plasma membrane. Oxygen gas enters our eells by simple diffusion, and earbon dioxide gas leaves our 
eells by the same proeess. Other stibstanees that diffuse aeross plasma membranes inehide fatty aeids, 
steroids, and fansoluble vitamins (A, D, E, and K). 




Simple diffusion also ean be a ehannehmediated type protein ehannel. This is how small substances such as 
ions diffuse throtigh a plasma membrane. For example, soditim ions diffuse through sodium ehannels to enter 
a eell. Similarly, potassmm ions pass throiigh potassiiim ehannels to leave the eell. 

Faeilitated diffusion differs from simple difhision in the following ways: (1) involves the transport of larger 
sohites, (2) uses a protein earrier that has a shape^speeifie fit for a speeifie sohite, (3) involves a shape 
ehange in the protein earrier. The sohite must bind to the shape^speeifie binding site. This puts a limitation 
on how quickly difhision ean occur. The aetion of the binding of the sohite to its binding site induces a 
shape ehange in the protein earrier. This allows the sohite to be released on the opposite side of the plasma 
membrane. Ghieose enters eells via faeilitated difhision. 


The ilhistration on the faeing page shows three types of aetive transport proeesses through the plasma membrane. 
Eaeh is deseribed below: 



Primary aetive transport refers to the movement of a speeifie substance against its eoneentration gradient. 
In other words, a sohite partiele is moved from an area of low sohite eoneentration to an area of high sohite 
eoneentration. Like paddling against the current in a river, this requires energy. The protein used in this 
proeess is generally referred to as a pump, which appropriately implies the need for energy. Free energy from 
ATP hydrolysis is the fuel that keeps the pump working. This protein pump always eontains a binding site 
for the stibstanee to be transported. For example, the iodine ptimp aetively transports iodine out of the blood 
and into the eells in otir thyroid gland. The thyroid requires iodine as a raw material for manufacturing the 
hormones it normally prodtiees. 

Unlike primary aetive transport, seeondary aetive transport does not direetly use free energy from 
ATP hydrolysis. Instead, it gets its energy indireetly from the established eoneentration gradients from either 
sodium ions (Na + ) or hydrogen ions (Fi + ). These ion gradients were established by primary aetive transport. 
Movement of these ions down their eoneentration gradients is then coupled to the simultaneous transport of 
another substance via either symport or antiport. 




Symport refers to the simultaneous transport of two substances in the same direetion aeross the membrane 
with the aid of a speeifie type of membrane protein. One example is the sodium-glucose symporter loeated in 
the epithelial eells in the intestinal mucosa. This transport proeess helps glucose get absorbed into the blood 
from the digestive traet. 

Antiport refers to the siimiltaneoiis transport of two substances in the opposite direetion aeross the mem- 
brane with the aid of a speeifie type of membrane protein. One example is the sodium-calcium antiporter, 
which keeps ealeitim levels low inside eells by ptimping it out. 
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Pathways Direetly Through Plasma Membranes 
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and the solutes erossing the eell membrane. 
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KEY 
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(ECF) = extracellular fluid 
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Passive Membrane Transport: Simple Diffusion and Faeilitated Diffusion 


Deseription 


Analogy 


The plasma membrane is seleetively permeable because it eontrols what substances enter and exit the 
eell. Nutrients and waste products both must pass through this structure, but not all sribstanees are 
able to eross the plasma membrane. Faetors that determine whether a sribstanee ean pass through 
inehide: (1) size, (2) lipid sohibility, and (3) eharge. If a substance is smaller, more lipid-sohible, and 
does not have a eharge, it is more likely to be able to eross the membrane. 

Transport of a substance is elassified as either passive transport or aetive transport. In passive 
transport, the eell does not have to expend energy for the proeess to occur. Aetive transport requires 
the use of eelhdar energy. Typieally, this energy is in the form of the free energy liberated from ATP 
hydrolysis. 

Simple diffusion falls under the eategory of passive transport. Typieally, it deals with the move- 
ment of a solute partiele. For example, this proeess allows oxygen to enter the eells and earbon 
dioxide to exit them. In diffusion, substances tend to move from areas where they are in higher 
eoneentration to areas of lower eoneentration. The driving foree for simple diffusion is the move- 
ment toward a state of dynamie equilibrium, in which eoneentrations of the designated substance are 
in equal eoneentrations on both sides of the plasma membrane. This driving foree is like a room full 
of crowded people at a party who all need their personal spaee. As the ilhistration shows, this need 
induces people to move from the crowded room A over to room B. 

Faeilitated diffusion is also a passive transport proeess, but it typieally deals with larger solute 
partieles than those in simple diffusion. It differs from simple diffusion primarily in that it is a earrier- 
mediated proeess. This means that a protein earrier in the plasma membrane is needed to assist in the 
diffusion proeess. The earrier protein has a shape-speeifie binding site for the speeifie sohite to be 
transported. The sohite binds to this site temporarily before being released on the other side of the 
membrane. 


In the ilhistration, a person represents a solute partiele. The wall between the rooms is like the 
plasma membrane. Room A is like a solution on one side of the plasmamembrane, and room B is 
like the other solution on the other side of the plasma membrane. In the “Before” illustration, the 
group of crowded people in room A represents a high eoneentration gradient of sohite partieles 
relative to room A. The need for people to have their personal spaee is like the driving foree to 
aehieve dynamie equilibrium. In the “After” ilhistration, the equal distribution of people in both 
rooms A and B is like the state of dynamie equilibrium. 
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Passíve Membrane Transport: Símple Diffusion and Faeilitated Diffusion 
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Passive Membrane Transport: Osmosís 


Deseription 


$tudy Tips 


Osmosis falls under the eategory of passive transport. It is the flow of a solvent (typieally, water) aeross a plasma 
membrane toward the solution with the higher soliite eoneentration. The driving foree is the tendeney toward 
aehieving dynamie equilibrium in which there is an equal eoneentration of soltite aeross the plasma membrane. 
When examining osmosis, the solute in question is impermeable to the plasma membrane. It is also essential to 
realize that the intracellular solution always is eompared to the extracellular sohition. 

If you tell me I am tall, I might say, “Compared to what?” Compared to a toddler, I may be tall but not when 
eompared to Mt. Everest. Similarly, if you tell me a sohition is eoneentrated, I could also say, “Compared to what?” 

The word “eoneentrated” makes sense only in the context of a relative eomparison. While your body has 
regiilatory meehanisms to keep the eoneentration of the intraeelhilar and extracellular solutions relatively stable, 
the extracellular sohition is more likely to ehange in its solute eoneentration because of external influences. 
Sometimes it is slightly more dihite and other times it is more eoneentrated. 

Three different terms deseribe all the possibilities. 


1. The body’s extracellular solutions normally are isotonie ( iso = equal) solutions, which have the same 
eoneentration of impermeable solutes as the other solution. This is a stable state for body eells. A eell in 
this solution already has aehieved dynamie equilibrium, so the net movement of water in and out of the 
eell is zero. 


2. A hypertonie solution (hyper = more, greater) has a greater eoneentration of impermeable solutes than the 
other sohition. A eell plaeed in this sohition will shrink ( erenate ) because of water leaving the eell. 

3. A hypotonie (hypo = less) solution has a lesser eoneentration of impermeable solutes than the other 
sohition. A eell plaeed in this sohition will swell and possibly burst (lyse) beeatise of water rnshing into the 
eell. 


By eonvention, biologists typieally use these terms to deseribe the extracellular solution though they teehni- 
eally ean be used to deseribe either intraeelhilar or extracellular sohitions as a relative eomparison. Note that when 
water moves , it always moves toward the solution with the higher solute eoneentration. Think of this as water’s attempt 
to dilute the more eoneentrated soludon to try to get eloser to dynamie equilibrium. 

The rate at which water moves is determined by the eoneentration gradient—the degree of differenee in 
solute eoneentration aeross the plasma membrane. This eoneentration gradient ean be either high (large differ- 
enee) or low (small differenee). The rule is that the higher the eoneentration gradient, the faster water will move aeross 
the membrane. The eonverse also is true—namely, the lower the eoneentration gradient, the slower water will move. 
This explains why a eell plaeed in a hypotonie solution may either swell or burst. It is more likely to burst with 
a high eoneentration gradient. Researehers exploit this by osmotieally shoeking (lysing) eells when they want to 
extract their internal eontents. 


The solute in question is always impermeable to the plasma membrane. If it were permeable, the solute could 
simply diffuse its eoneentration gradient to aehieve dynamie equilibrium all on its own (see p. 46). 

Always eompare the solute eoneentration in the intraeelhilar solution to that of the extracellular solrition. 


Convert a “word problem” into a simple illustration: If given a basie word problem about osmosis, it often helps 
to draw out a simple illustration to help you figure it out. Draw a simple picture of a eell (eirele) in a beaker 
(box or square). Praetiee this on the faeing page. 


Remember that the osmotie terminology (hypertonie, hypotonie, and isotonie solutions) is always in referenee to 
the solute. 


For linear thinkers, use the following step-by'Step method to solve any basie osmosis problem: 

(1) Compare the intracellular solute eoneentration to the extracellular sohite eoneentration. Then, eorreetly 
label your extracellular sohition as hypertonie, hypotonie, or isotonie. 

(2) Are the two solutions equal in eoneentration? If “yes”, dynamie equilibrium has been aehieved and there 
will be no signifieant shift in water movement. If “no”, water is going to move (so go to #3). 

(3) Which way will water move? Use this rhyme to remember: “ Osmosis! Osmosis! It’s really quite a hoot. Water 
always moves toward the greater solute /” 

(4) What happens to the eell as a result of water movement? If water leaves the eell, it will shrink (erenate). If 
water enters the eell, it will beeome more turgid and may even burst (lysis). 
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CEU$—$tructure and Function 

Passive Membrane Transport: Filtratíon 


Deseription 


Analogy 


Filtration falls under the eategory of passive transport and has the following features: 

Requires a foree ( blood pressme ) to make it happen 
Requires a pressure gradient. 

Separates liquids (water and small solutes) from solids (plasma proteins, red blood eells, white blood 
eells, and platelets ). 

Produces a filtrate (final filtered solntion ) 


Filtration is a eommon proeess that occurs eonstantly through eapillary beds that link arteries to 
veins. Just as narrow, singledane roads lead to larger streets and then to highways, eapillaries eventu- 
ally lead to the body’s highways—large arteries and large veins. Capillaries are found throughout the 
body and are the most mieroseopie of the blood vessels. In faet, they are so small that red blood eells 
must pass through them single-'file. Through filtration, they provide direet eontaet with body eells. 
Their structure is simple: The wall of a eapillary is made of a single, flat layer of eells ealled simple 
squamous epithelium. These thin eells allow for easy filtration. Surrounding this epithelial layer is a 
thin basement membrane, eomposed of extracellular materials such as protein fibers that are seereted 
by epithelial eells. 

Almost all tissues have an ample supply of eapillary beds—a branehing network of eapillaries 
with a higher pressure arteriole end and a lower pressure venule end. Like a one-way street, blood 
always moves from the arteriole end to the venule end. Because filtration is eompletely dependent on 
pressrire, most of it occurs nearer the arteriole end. The blood pressure is the foree that makes it all 
happen by ereating a pressure gradient. As a result of the higher pressure within the arteriole end, the 
liquid plasma is foreed through the wall of the eapillary, so water and small solutes leave the blood to 
form a filtrate ealled interstitial fluid. This fliiid fills the spaees within tissues ealled interstitial 
spaees, which inehide gaps between body eells as well as those between blood vessels and body eells. 
Simultaneously, large solids such as blood eells and large molecules such as plasma proteins remain 
inside the eapillary because they are too large to pass through it. 

Filtration is responsible for producing all of the following: 

interstitial fluid (the only way we have to get fluid to tissues) 
urine (proeessed blood plasma that eontains mostly water) 

eerebrospinal fluid (CSF)—(eonstantly eireiilates around the brain and spinal eord and has many 
functions: provides a proteetive cushion, distributes nutrients, and removes waste products) 


There are three different types of eapillaries (see p. 302). Some are more permeable than others, 
which determines how easily filtration occurs. For example, speeialized eapillaries in the kidneys 
ealled glomemli (sing. glomemlns ) (see p. 422) are highly permeable to allow for easy filtration of 
the plasma to form urine, and eapillaries in the brain are the least permeable in the body to proteet 
the brain’s precious neurons from being damaged by toxic substances that may have entered the 
bloodstream. 


The proeess of filtration is the same, generally, as a eoffeemaker making eoffee. Compared to filtra- 
tion throiigh a eapillary, the foree is gravity instead of blood pressure. The eoffee filter is like the 
simple squamous epithelium. The eoffee grounds are like the solid materials in the blood (red blood 
eells, white blood eells, plasma proteins, ete.). The water is like the plasma. The eoffee solution is 
ealled the filtrate, which is like the interstitial fluid. 
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Passíve Membrane Transport: Filtration 
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Aetive Membrane Transport: Aetive Transport 


Deseription 


The plasma membrane is like the gatekeeper of the eell because it eontrols the substances that enter 
and exit. Plasma membranes seleetively allow only eertain sribstanees (like nutrients) in, and other 
sribstanees (like waste prodnets) out. Not all sribstanees are able to eross the plasma membrane. Genen 
ally, they have to be small and lipkbsokible to eross. If they meet these eriteria, they ean be trans- 
ported by two different methods: (1) passive transport or (2) aetive transport. In passive transport, 
the eells do not have to expend any energy for the proeess to occur. Aetive transport requires that 
cellular energy be used. Typieally, this energy is in the form of the free energy liberated from ATP 
hydrolysis. 

The proeess of aetive transport falls under the eategory of the same name—aetive transport. It 
moves a solute partiele against a eoneentration gradient with the help of a protein transporter within 
the plasma membrane. This protein uses the free energy from ATP hydrolysis to move the solute 
partiele(s) against the gradient. An example is the sodium-potassium pump present in all eells (see 

p. 58). 



The proeess of aetive transport is like the aetion of a sump pump in a homeowner’s basement that 
prevents flooding inside the home. Both require energy to allow the pump to transport a substance 
against a eoneentration gradient. The protein pump uses the free energy from ATP hydrolysis and 
the sump pump uses eleetrieal energy. The protein pump transports a solute partiele from a region of 
lower eoneentration to a region of higher eoneentration. Similarly, the sump pump transports water 
from a region of lower water eoneentration inside the basement to a region of higher water eoneentra- 
tion outside the home. 

Note: the limitation of this analogy is that aetive transport always involves a sohite partiele rather 
than a solvent such as water. 


$tudy Tips 


Students often eonhise the proeess of aetive transport and the eategory of aetive transport because 
they have the same name. Don’t make this mistake. The former refers to the speeifie “sump punq> 
like proeess” deseribed above, and the latter refers to the general eategory for any proeess that uses 
the free energy from ATP hydrolysis to transport a substance(s) into or out of the eell. 

If a transport proeess is aetive, this means that it uses the free energy from ATP hydrolysis to 
perform a task. To distinguish the different types of aetive transport (exocytosis, endoeytosis, 
aetive transport, ete.), ask yourself: “What is the free energy used for speeifieally in eaeh ease?” 
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CEU$—$tructure and Function 

Aetive Transport ín Vesieles: Exocytosis and Endoeytosis 


Deseription 


$tudy Tip 


The plasma membrane is like the gatekeeper of the eell because it eontrols which substances enter 
and exit. Plasma membranes seleetively allow only eertain sribstanees ( like nutrients) in and other 
sribstanees (like waste prodnets) out. Not all sribstanees are able to eross the plasma membrane. Genen 
ally, they have to be small and lipid-soluble to eross. If they meet these eriteria, they ean be trans- 
ported by two different methods: (1) passive transport or (2) aetive transport. In passive transport, 
the eell doesn’t have to transport any energy for the proeess to occur. Aetive transport requires cellular 
energy be used. Typieally, this energy is in the form of the free energy liberated from ATP hydrolysis. 

Exocytosis is a type of aetive transport. This is the proeess by which substances made by the eell 
(e.g., a hormone) are eoneentrated within a vesiele. Speeial regulatory proteins assoeiated with the 
plasma membrane use eelhilar energy to move the vesiele toward the plasma membrane so the two 
ean merge. Then the eontents of the vesiele are released to the extraceullar solution. This is how 
eells within your panereas release the hormone insulin, and for example, how neurons release neuro- 
transmitters such as aeetyleholine. 

Endoeytosis is another type of aetive transport that is actually the reverse of exocytosis. In this 
proeess the plasma membrane invaginates to trap a solid partiele ( baeteria , virus) or some liquid 
(extracellular solution) in a small, pouch-like structure. This pouch uses cellular energy to gradually 
elose, pineh itself off from the plasma membrane, and beeome a vesiele within the eell. 

There are two types of endoeytosis: (1) pinoeytosis and (2) phagoeytosis. If the material in the 
pouch is a liquid solution such as the extracellular solution, it is ealled pinoeytosis. Cells use this 
proeess to obtain nutrients from the extracellular solution. If the material is a solid objeet like a 
baeteririm, it is ealled phagoeytosis. Maerophages are a type of white blood eell that attaeks foreign 
pathogens. Because they normally are engaged in phagoeytosis, they are ealled phagoeytie eells. 

To distinguish exocytosis from endoeytosis, reeall the meaning of these prefixes: 
exo = outer; outside 
endo = inner; inside 
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Membrane Potentíals 


Deseription 


A membrane potential (MP) is a separation of positive ( + ) and negative ( — ) eharges aeross a plasma membrane 
that resiilts in an eleetrieal potential or a voltage. This voltage is measiired in units ealled millivolts (mV)—much 
smaller than that used hy a battery. Typieally, the otitside of the plasma membrane is positively eharged and the 
inside is negatively eharged. Most human hody eells have an MP, but the exact value is different for different eell 
types and ranges between -5 mV and -100 mV. The negative sign means that the inside of the membrane is 
negative relative to the outside. 

Let’s eompare the MP to a 1.5 V. battery, which also has an eleetrieal potential beeatise of its positive ( + ) pole 
at one end and negative ( — ) pole at the other. The battery has potential energy beeatise of its potential to do work. 

Potential energy is like water behind a dam. Beeatise the position of the water level is higher on one side of the 
dam and lower on the other, it also has the potential to do work. When the floodgate opens, this potential energy 
gets eonverted into kinetie energy or energy in motion. As the water flows through the gate, it ean turn a tiirbine 
that generates eleetrieity—hydroeleetrie power. 

Similarly, the potential energy in the battery ean be eonverted into a flow of eleetrieity to power a flashlight. For 
the plasma membrane, this potential energy is stored—not as water behind a dam but as a eation ( + ) eoneentration 
gradient. Based on the rule for simple difftision, ions passively flow down their eoneentration gradients from 
regions of higher ion eoneentration to regions of lower ion eoneentration. This eation eoneentration gradient is 
the potential energy source for eells to do work. For example, in a netiron this gradient is used to generate a nerve 
imptilse. 

W hat i$ the source of these positive and negative eharges? 

The short answer to this question is that the extracellular fluid (ECF) and intracellular fluid (ICF) are eleetrieally 
neutral because they eontain equal numbers of eations ( + ions) and anions ( — ions). The only plaee this isn’t true 
is at the inner and otiter surfaces of the plasma membrane. Flere, there is an aeemmilation of positive ( + ) eharges 
on the outside srnfaee of the membrane and an aeemmilation of negative ( — ) eharges on the inside. The positive 
eharges on the otitside are mainly the result of sodium (Na + ) ions—the most dominant eations in the ECF. The 
negative eharges on the inside are mostly the result of negatively eharged proteins that are too large to leave the 
eell. Btit it’s also because of the loss of the most dominant eations in the ICF—potassium (K + ) ions. 

The real sittiation is actually more complex (smprise, stirprise!). Let’s summarize the key faetors that 
eontribtite to the MP: 

Ion eoneentration gradients for Na + and K + aeross the plasma membrane 

• Na + has a greater eoneentration in the ECF than the ICF, so it eotild diffuse into the eell. 

K + has a greater eoneentration in the ICF than the ECF, so it eotild difftise out of the eell. 

• Na + and K + ean pass through gated-ehannels only in the membranes that are usually elosed but ean be stiim 
ulated to open. 

• These ion eoneentration gradients are a sornee of potential energy to do work. 

• Differing permeabilities for Na + and K + 

• Membrane proteins ealled leakage ehannels allow both Na + and K + to diffuse aeross the membrane. 

• Plasma membranes are much more permeable to K + than Na + . 

0 K + leaves the eell as it diffuses down its eoneentration gradient. 

The result? This loss of positive eharge makes the interior of the eell more negative (see illustration). 

• Opposite eharges attraet 

• As previously mentioned, as K + diffuses out of the eell, this loss of positive eharge makes the interior more negative. 
Because opposite eharges attraet, some of the K + ions are drawn baek into the negatively eharged interior. 
The result? This relatively small gain in positive eharge makes the interior less negative than it might be 
otherwise. (see ilhistration) 

Aetion of the Na + ^K + pump (see p. 58) 

With eaeh eyele, the Na + -K + pump aetively transports 3 Na + ions out for every 2 K + ions it brings 
into the eell. 

The result? This maintains the MP by preserving the eharge imbalanee aeross the membrane. 

How? More positive eharges are moved out of the eell (+3), and fewer positive eharges are broiight into 
the eell ( + 2) (see illustration ). 




$tudy Tip 


To distinguish eations ( + ions) from anions ( — ions) remember this phrase: “I positively hate eats” 
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Sodíum-Potassíum Pump 


Deseription 




The sodium-potassium pump is a protein found in the plasma membrane of all animal eells. It func- 
tions as an ion exchanger to aetively transport sodirim for potassium aeross the membrane. The net 
release of energy from the hydrolysis of 1 ATP moleeiile is used to transport 3 sodium ions out of the 
eell and 2 potassirim ions into the eell. Sinee a single eell has many of these protein pumps, the net 
effeet of all of them working together is to maintain a gradient for both sodium and potassiiim. 

The eoneentration of potassiiim ions is normally 10-20 times greater inside the eells than out. 
The reverse is tme for sodium. Because of this differenee in eoneentration, sodiiim’s tendeney is 
to diffrise into eells and potassiums tendeney is to diffuse out of eells. This occurs through leakage 
ehannels in the membrane. 

A signifieant amount of the eell’s resting energy—about 33%—is used to keep the pump work- 
ing. The aetivity of the pump depends on the eoneentration of sodiiim in the eytosol. The greater the 
eoneentration, the more aetive the pump; the lesser the eoneentration, the less aetive. If the pump 
were to stop working, the sodiiim eoneentration in the eytosol would inerease and nothing could 
prevent water from entering the eell via osmosis (see p. 48). 



In the illustration on the faeing page, the sodiurmpotassium pump is shown going through a four"Step 
eyele: 

(T) Sodhim binding: 3 sodiiim ions in the eytosol bind at their respeetive binding sites on the 
pump. 

Shape ehange: The binding of sodirim causes the hydrolysis of one ATP moleerde into ADP, a 
phosphate group and a net release of free energy. The free energy is used to bind the phosphate 
group to the pump, which induces a shape ehange in the pump. This shape ehange both enables 
the release of the 3 sodium ions and makes it easier for 2 potassiiim ions to bind from the extra- 
eelhilar solrition. 

Potassium binding: The binding of the 2 potassiiim ions causes the phosphate group to be 
released from the pump, which, in turn, causes the shape of the protein to ehange again. 

(4) Potassium released: The restoring of the pump to its original shape releases the 2 potassium ions 
into the eytosol. The pump is now ready to bind 3 new sodkim ions, and the eyele repeats itself. 



Functionally, the sodium'potassium pump is like a revolving door. It takes energy to move the revolving 
door just like it takes ATP energy to drive the pump. Eaeh eyele of the pump result in 3 sodium ions 
moving out of the eell and 2 potassiiim ions moving into the eell. 
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TISStlES—Epithelial 

Epíthelíal Cells 


Deseription 


Tissues are a group of similar eells working together for a eommon ptirpose. The four different types of tissues are: 
(1) epithelial, (2) eonneetive, (3) muscular, and (4) nervous. Let’s eonsider only the first tissue type— epithelial 
tissues. There are many different kinds of epithelial tissties, and they are often named after their eell shape. They 
are found lining internal body eavities and passageways and eovering hody surfaces. Epithelial tissues are eomposed 
mostly of eells that rest on a thin basement membrane. In physiology, epithelial eells are an important theme 
because suhstances have to pass through them hefore they ean enter the blood. Every organ system eontains eph 
thelial tissties. For example, they line (are inside of) the following structures: hlood vessels, digestive organs, the 
urinary bladder, and the mieroseopie air saes in the lungs. Moreover, they eover the siirfaee of the skin. In short, 
they are everywhere in the body. 

Eaeh eell in an epithelial tissue has three different surfaces that serve as referenee points on the eell. Eaeh surface 
represents a different side of the eell and is eomposed of the plasma membrane. The top of the eell, which faees the 
lumen or body stirfaee, is ealled the apieal surface. The sides of the eell are ealled the lateral surfaces. The bottom of 
the eell that rests on the basement membrane and is eloser to the blood is ealled the basal surface. The typieal patlv 
way that a substance follows through an epithelial eell is as follows: apieal surface to eytosol to basal surface to base- 
ment membrane to eapillary. (Note: a good way to distingtiish the apieal stirfaee from the basal stirfaee is to 
remember the alliteration—Bosaì, B asement, B lood. These three structures are in elose proximity to eaeh other). 


Intercellular 

Junctions 


The lateral surfaces of adjaeent epithelial eells are eonneeted one to another by different kinds of junctions. 
The four major types of jtmetions are: (1) tight junctions, (2) adhering junctions, (3) desmosomes, and 
(4) gap junctions. Eaeh is summarized below. 



Tight junctions 



2) Adhering junctions 


loop around the whole eell and are loeated near the apieal surface. They look like 
lines of rivets that form a seal between adjaeent eells by stapling their plasma mem- 
branes together. Eaeh rivet-like structure is actually a transmembrane protein. Tight 
junctions prevent substances from passing between epithelial eells. This forees sul> 
stanees to move through eells instead of squeezing between them. For example, tight 
junctions in the digestive traet keep digestive enzymes inside the intestine and 
prevent it from entering the blood. 

fimetion like seam welds. They are typieally loeated below tight junctions so they are 
also near the apieal stirfaee. They look like a belt that wraps arotmd the whole eell 
and eontain bandTike proteins ealled plaques. Rtmning along the length of the 
plaques are thin, eontraetile proteins ealled mierofilaments. Together, the miero- 
filaments and plaques form a structure ealled an adhesion belt. Adhering junctions 
prevent lateral stirfaees from separating while providing a spaee for suhstances to 
enter. For example, a substance that already passed through the apieal surface ean 
enter this spaee as it eontiniies on to the basal surface. 


(3) Desmosoines 


(4) Gap junctions 


are like spot welds. They eonsist of disk-like proteins ealled plaques that are held 
together and spaeed apart hy linker proteins. Instead of surrounding the entire eell, 
desmosomes are found at diserete points on the eell. They function as structural re- 
inforeements at speeifie stress points along the eell. Intermediate filaments are long, 
strong eable'like proteins that extend into the eytosol and eonneet the plaque of one 
desmosome to the plaque of another desmosome on the opposite side of the eell. This 
helps maintain the structural integrity of the eell and the tissue. Desmosomes are 
eommon in the eells within the epidermis of the skin. 

HalTdesmosomes or hemidesmosomes are loeated on the basal surface, where 
they serve to anehor this surface to the basement membrane. 

allow for small substances to be transported between adjaeent eells. Eaeh gap junction 
eonsists of a small group of tubular structures. Eaeh tubular structure is eomposed of a 
ehister of 6 proteins ealled connexins and has a fluid-filled ehannel mnning down its 
eenter. This ehannel allows small substances such as ions and glucose to travel between 
adjaeent eells. In eiliated epithelial eells, this may help to eoordinate the movement of 
the eilia. Gap junctions are also found in other tissues such as eardiae and smooth muscle. 
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TISSIJES—Epithelial 

Epithelial Cells 


Nucleus 


Blaek arrows show two 
different pathways a 
substance may follow 
through an epithelial eell. 


Substance 


Basement 

membrane 


Apieal 
surface 
(lumen side) 


Metal 

plates 


Rivet 



Tight 

junction 


Transmembrane 

protein 

(T) Tight 
junction 


Desmosome 


(2) Adhering 


junction 


/ 


Adhesion 


belt 


Plaque 




Hemidesmosome 


Basal surface 
(blood side) 


Color the 
eapillary 
red. 


Plaque 


Intermediate^ 
filament 

lntercellular 

spaee 


(§) Desmosome 


( 4 ) Gapjunction 


✓ 


Color the basement membrane, apieal, lateral, 
and basal surfaces, using different eolors for eaeh. 
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TISStlES—Epithelial 

Simple Squamous Epíthelíum 


Deseription 



Epithelial tissues line internal eavities and passageways and eover external body surfaces. They are 
eomposed mostly of eells that rest on a thin basement membrane. No blood vessels are present. One 
method of elassifying epithelial tissues is by the number of layers of eells. Simple epithelia have a 
single layer of eells, and stratified epithelia have multiple layers of eells. dassifieation is also based on 
the following eell shapes: squamous (thin, flat), cuboidal (cube-shaped), and columnar (column- 
shaped). 

Simple squamous epithelium is a single row of thin, flat eells. 

Eaeh simple squamous epithelial eell is eompared to a fried egg because both are flat with an irregular 
border. The yolk is like the nucleus of the eell. 


loeation 


Lines internal surface of ventral body eavities, blood vessels, and heart; parts of kidney tubules; 
alveoli of the lungs. 


Function 


Flat shape allows substances to either diffuse easily through the eell or be filtered through it; seeretion; 
reduces frietion. 


Key to lllustration 

1. Individual simple squamous epithelial eell 3. Alveoli 

2. Nucleus of simple squamous epithelial eell 
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TI$$UE$—Epithelial 


Simple Squamous Epithelium 


Loeation 







Basement 

membrane 



Color the 
epithelial 
eells the 
same 
eolor. 


Fun Faet: Eaeh liing eontains about 
150 million tiny, mieroseopie air saes 
ealled alveoli. 


Alveolus 


Nucleus 



One simple squamous 
epithelial eell 
(superior view) 



One simple squamous 
epithelial eell 

(side view) 



(approx. 220x) 


1 . 

2 . 

3. 


Egg yolk 




Color the 
egg yolks 
yellow. 


Eaeh eell looks 
like a fried egg. 



The tissue is 
like a large group 
of fried eggs arranged 
side by side 



My dravving of 

simple squamous epithelium 
























TISStlES—Epithelial 

Simple Cuboidal Epithelium 


Deseription 


Analogy 

Loeation 

Function 


Epithelial tissues line internal eavities and passageways and eover external body surfaces. They are 
eomposed mostly of eells that rest on a thin basement membrane. No blood vessels are present. One 
method of elassifying epithelial tissues is by the number of layers of eells. Simple epithelia have a 
single layer of eells, and stratified epithelia have multiple layers of eells. Gassifieation is also based on 
the following eell shapes: squamous (thin, flat), cuboidal (cube-shaped), and columnar (column- 
shaped). 

Simple cuboidal epithelium is a single row of cube-shaped eells. 

Eaeh simple cuboidal eell is shaped like an iee cube. 

Ducts of glands, parts of kidney tubules; follieles of thyroid gland 
Seeretion; absorption 



Key to lllustration 


1. Simple cuboidal epithelial eell 

2. Nucleus of simple cuboidal 
epithelial eell 

3. Connective tissue 
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TISSIJES—Epithelial 

Símple Cuboidal Epithelium 


Loeation 



Basement 

membrane 



Fun Faet: On average, an adult's 
kidneys proeess about 165 liters of 
filtered blood plasma every day, but 
only 1% is excreted as urine. 





Nucleus 


One simple cuboidal 
epithelial eell 


Eaeh eell is shaped 
like an iee cube. 


Color the 
epithelial 
eells the 
same 
eolor. 



1 . 

2 . 

3. 


(approx. 275x) 
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TISStlES—Epithelial 


Simple Columnar Epithelíum 


Deseription 


Analogy 

loeation 


Epithelial tissues line internal eavities and passageways and eover external body siirfaees. They are 
eomposed mostly of eells that rest on a thin basement membrane. No blood vessels are present. One 
method of elassifying epithelial tissues is by the number of layers of eells. Simple epithelia have a single 
layer of eells, and stratified epithelia have multiple layers of eells. dassifieation is also based on the fob 
lowing eell shapes: squamous (thin, flat), cuboidal (cube"shaped), and columnar (column-shaped). 

Simple columnar epithelium appears as a single layer of tall, column-shaped eells with oblong 
nuclei. They are of two types: eiliated and nomeiliated. Cilia are numerous folds in the plasma 
membrane that appear as hairdike structures loeated on the top of eaeh eell. 

Eaeh simple eoliimnar eell in this tissue looks like a column. 


Ciliated type 


Non-eiliated type 


pli 

• uterine tubes 


/-\ 




stomaeh 
small intestine 
large intestine 
gallbladder 


Function 


The primary function is absorption; seeretion of mucus, enzymes, and other substances; movement of 
mucus by eilia. 


Study Tips 


To identify this tissue either under the mieroseope or from a photograph or diagram, look for the 
following: 

tall reetangiilar eells 
oblong-shaped nucleus 

nucleus usually loeated in the lower half of the eell 



Key to lllustration 

1. Simple columnar epithelial eell 

3. Basement membrane 

2. Nucleus 

4. Connective tissue 
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TISSIJES—Epithelial 


Simple Columnar Epithelium 


Loeation 




Fun Faet: The small intestine has 
a total length of more than 20 feet! 



II.-^ ill 


Basement 

membrane 


One simple columnar Eaeh eell is shaped like 
epithelial eell a column or pillar. 



Color the 
epithelial 
eells the 
same 
eolor. 







/ 

j 

V. 

#]% 

- ■ . 

I.JH 





■ 1 (0 


(approx. 500x) 


1 . 

2 . 

3. 

4. 
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TISStlES—Epithelial 


Pseudostratifíed Columnar Epithelium 


Deseription 


Loeation 


Epithelial tissues line internal eavities and passageways and eover external body surfaces. They are 
eomposed mostly of eells that rest on a thin basement membrane. No blood vessels are present. One 
method of elassifying epithelial tissues is by the number of layers of eells. Simple epithelia have a 
single layer of eells, and stratified epithelia have multiple layers of eells. dassifieation is also based on 
the following eell shapes: squamous (thin, flat), cuboidal (cube-shaped), and columnar (eolmmv 
shaped). 

Pseudostratified columnar epithelium eonsists of a single row of eells. Most eells have a eoliirm 
nar shape, while other, shorter eells may look like cuboidal. The term “pseudostratified” literally 
means “falsely stratified.” In other words, it looks as if it has multiple layers but actually has only one 
layer, because the eells are of differing heights. 

The two types of pseudostratified eohimnar epithelium are eiliated and non-eiliated. 

Ciliated Non-eiliated 

• nasal eavity • ducts of male 

• traehea reproductive traet 

• bronehi 


Function 
Study Tip 


Proteetion; seeretion; movement of mucus by eilia 


Under the mieroseope at higher magnifieations, you ean use the following landmarks to distinguish 
pseudostratified eoliimnar epithelium eells: 

Cells have differing heights. 

Niielei are not in an organized row, but are more staggered. 



Key to lllustration 

1. Cilia 

3. Basement membrane 

2. Nucleus of one pseudostratified 

4. Connective tissue 

eiliated columnar epithelial eell 
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TISSIJES—Epithelial 

Pseudostratifíed Columnar Epithelium 


Loeation 




Fun Faet: In the lungs, the eilia on this 
tissue sweep a layer of mucus that traps 
dirt partieles and moves it toward the 
throat to be coughed out or swallowed. 


the nuclei 
are staggered 
because of the 
different heights 
of the eells. 


All eells eontaet the basement membrane, 
but not all extend to the surface. Only those 
that reaeh the surface have eilia. 


Color the 
epithelial 
eells the 
same 
eolor. 



(approx. 750x) 


1. 

2 . 

3. 

4. 



pseiidostratified columnar epithelium 
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TISStlES—Epithelial 

Stratified Squamous Epithelium 


Deseription 


Epithelial tissues line internal eavities and passageways and eover external body surfaces. They are 
eomposed mostly of eells that rest on a thin basement membrane. No blood vessels are present. One 
method of elassifying epithelial tissues is by the number of layers of eells. Simple epithelia have a 
single layer of eells, and stratified epithelia have multiple layers of eells. dassifieation is also based on 
the following eell shapes: squamous (thin, flat), cuboidal (cube"shaped), and columnar (column- 
shaped). 

Stratified squamous epithelium is of two different types—keratinized and nomkeratinized. The 
bottom layer in either type is eomposed of cuboidal or eolrimnar eells that are aetive in eell division. 
New eells are pushed upward toward the surface. In a proeess ealled keratinization, the new eells in 
the keratinized type fill with a protein ealled keratin. The result is that the outer surface of this tissue 
is tough and water-resistant. 


loeation 


Keratinized 

• epidermis of skin 


N on-keratinized 

• lining of morith, pharynx, 
esophagus, anus, and vagina 


Function 


Provides physieal proteetion against abrasion and pathogens to underlying tissues. 


Study Tip 


Pattern: Transition in eell shape from cuboidal or eohimnar eells in the lower region to flat eells on 
the top. 



Key to lllustration 

1. Stratified squamous epithelium 

3. Oonneetive tissue 

2. Basement membrane 

4. Nuclei 


72 










TISSIJES—Epithelial 

Stratified Squamous Epithelium 


Loeation 


Basement 

membrane 




Color the 
epithelial 
eells the 
same 
eolor. 




Fun Faet: On average, the 
epidermis of your skin regenerates 
about every 27 days. 



1 


(approx. 150x) 


1 . 

2 . 

3. 

4. 


In the proeess 
of keratinization, 
new eells are pushed 
toward the surface as 
they are gradually 
transformed into flat, 
dead eells eompletely 
filled with a protein 
ealled keratin. 



My drawing of 

stratified sqamous epithelium 
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TISStlES—Epithelial 

Stratified Transitional Epithelium 


Deseription 


loeation 

Function 


Epithelial tissues line internal eavities and passageways and eover external body siirfaees. They are 
eomposed mostly of eells that rest on a thin basement membrane. No blood vessels are present. One 
method of elassifying epithelial tissues is by the number of layers of eells. Simple epithelia have a 
single layer of eells, and stratified epithelia have multiple layers of eells. dassifieation is also based on 
the following eell shapes: squamous (thin, flat), cuboidal (cube-shaped), and columnar (eolinmv 
shaped). 

Transitional epithelium is able to streteh and reeoil so it ean be illustrated in either a stretehed 
or a relaxed state. In the relaxed state it appears to be eomposed of a variety of eell shapes. On the 
bottom it may eontain cuboidal or eohimnar eells, and eells at the surface are large, dome-shaped 
eells that transform into a squamous shape when stretehed. 

Lines iireters, urinary bladder, urethra, and renal pelvis. 

Easily allows stretehing and reeoiling. 


Study Tip 


Pattern: In the relaxed state, look for the eell pattern of cuboidal eells near the bottom, eohimnar in 
the middle, and large, dome-shaped eells on top. 


1. Stratified transitional 

Key to lllustration 

2. Basement membrane 

3. Connective tissue 

epithelium 
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TISSIJES—Epithelial 

■■■■■■■■■■■■■■■■■■■■■■■ 

Stratified Transitional Epithelium 


Loeation 



Fun Faet: The urinary bladder 
ean expand to hold as much as 
600-800 ml. of urine. 


Notiee how the dome-shaped 
eell at the surface transforms 
into a flat, squamous eell 
when stretehed. 



Color the 
epithelial 
eells the 
same 
eolor. 


(approx. 275x) 


(,relaxed state) 


My dravving of 
transitional epithelium 
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TISSIIES—Connective 

Variations in Connective Tissues 


Deseription 



Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and ground sribstanee. The most 
eommon eell type is ealled a fibroblast, which manufactures fibers and other extracellular material. 
The two most eommon types of protein fibers are eollagen and elastin. Collagen is for strength, and 
elastin is for elastieity. The eells and the fibers are both embedded in a geblike material ealled the 
ground substance. The ground substance varies in its eonsisteney from gelatinTike to a much more 
rigid material. 

The physieal traits of a eonneetive tissue are determined mainly by varying the proportion of 
eells, fibers, and the ground substance. For example, a strong eonneetive tissue requires a greater 
proportion of eollagen fibers and fewer eells. An example is dense regular eonneetive tissue, which is 
foimd in tendons that anehor miisele to bone. In eontrast, a eonneetive tissue eomposed mostly of 
eells is not very strong. Such is the ease with adipose eonneetive tissue (fat tissne). The main purpose 
of adipose eonneetive tissue is to store lipids (fat) in individual fat eells ealled adipoeytes. This tissue 
eontains numerous adipoeytes and little else. 


Elastin fibers are like rubber bands because they allow stretehing and reeoiling in a tissue. 
Collagen fibers are like steel eables on a suspension bridge because they give strength to a tissue. 
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TISSIJES—Connective 


Variations in Connective Tissues 



) 



All eonneetive tissues eontain the follovving basie eomponents: 




+ 



Composite 
Connective Tissiie 



Ground 
substance 


Cells < 


Fibers 


Possible variations 


Protein 

fibers 

Cells 




4 ? 


+ 



Fibers 





Elastin 


Elastin is 
stretehable 
like a 

rnbber band 



Collagen 


Collagen is 
strong like 
the steel 
eables on a 
suspension 
bridge. 


Cells 


Dense regular eonneetive 
tissue is an example of 
a eonneetive tissue that 
is eomposed primarily of 
fibers—see p. 85. 



Adipose eonneetive 
tissue is an example of 
a eonneetive tissue that 
is eomposed primarily of 
eells—see p. 81. 
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TÌHiJES—fisnneetitfe 


Areolar Connective Tissue 


Deseription 


Loeation 


Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and ground sribstanee. The most 
eommon eell type is ealled a fibroblast, which manufactures the fibers and other extracellular 
material. The two most eommon types of protein fibers produced are eollagen and elastin. Collagen is 
for strength and elastin is for elastieity. The eells and the fibers are both embedded in a gehlike 
material ealled the ground substance. The ground substance varies in eonsisteney from being 
gelatin-like to a much more rigid material. 

Loose eonneetive tissues have fewer fibers than other eonneetive tissues and serve as a pn> 
teetive padding in the body. The three tissues elassified as loose eonneetive tissues are: areolar 
eonneetive tìssne , adipose eonneetive tissue , and retievdar eonneetive tissue . 

Areolar eonneetive tissue has a random arrangement of eells, fibers, and ground substance. It 
eontains all the basie eomponents of any eonneetive tissue without being speeialized. 

Beneath epithelial tissues all over the body; between skin and skeletal muscles; surrounding blood 
vessels; within skin; around organs; around joints 


Function 


Cushions and proteets organs; its phagoeytes proteet against pathogens; holds tissue fliiid 



Key to lllustration 


1. Collagen fibers 

2. Elastin fibers 

3. Fibroblast nuclei 
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TISSilES— nneetive 


Areolar Connective Tíssue 




dx. 200x) 


Fun Faet: When hunters skin 
an animal, the tissue they break 
to separate skin from muscle 
is areolar eonneetive tissue. 


v - y 


This tissue type is not speeialized, 
so it does not look like anything in 
particular. It has a random arrangement 
of fibers and eells—nothing speeial! 




My dravving of 
areolar eonneetive tissiie 
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TISSIIES—Connective 

Adipose Connective Tissiie 


Deseription 


Loeation 


Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and ground sribstanee. The most 
eommon eell type, ealled a fibroblast, manufactures fibers and other extracellular material. The two 
most eommon types of protein fibers produced are eollagen and elastin. Collagen is for strength and 
elastin is for elastieity. The eells and the fibers are both embedded in a gel-like material ealled the 
ground substance. The ground substance varies in its eonsisteney from being gelatin-like to a much 
more rigid material. 

Loose eonneetive tissues have fewer fibers than other eonneetive tissues and serve as a pro- 
teetive padding in the body. There are three tissues elassified as loose eonneetive tissues: areolar 
eonneetive tissue , adipose eonneetive tissue , and reticular eonneetive tissue . 

Adipose eonneetive tissue is fat tissue. It is eomposed almost entirely of fat eells ealled 
adipoeytes along with some blood vessels. These eells have a large vacuole to store lipids ( fats ). 
Though adipoeytes are not able to divide, they do ehange in size by expanding or shrinking depending 
on the amount of lipid that is stored inside their vacuoles. For example, as a person loses weight, the 
amount of lipid in the adipoeyte’s vacuole deereases, causing the eell to shrink in size. Unfortunately, 
if a person regains that weight, the eells are able to expand baek to their original size. 

Under all skin but espeeially in abdomen, buttocks, and breasts; around some organs such as eyeballs 
and kidneys. 


Function 


Proteets eertain organs and other structures; insulates against heat loss through the skin; stores energy 
as a reserve fuel. 


Key to lllustration 


1. Blood vessel 3. Vacuole for lipid storage 

2. Nuclei of adipoeytes (fat eells) 

4. Plasma membrane of adipoeyte 
(fat eell) 
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TISSIJES—Connective 


Loeation 


A cluster of six 
adipoeytes (fat eells) 


Adípose Connective Tíssue 




Fun Faet: Excess adipose tissue 
ean be removed by a surgical 
procedure ealled liposuction, but 
it does have some risks. 


Nucleus 


One adipoeyte 
(fat eell) 


Vacuole 



Adipoeyte 


4 



Color the 
adipoeytes 
the same 
eolor. 


(approx. 150x) 


1. 

2 . 

3. 

4. 




Why is an adipoeyte's nucleus loeated at the 
outer edge of the eell? Because the vacuole 
for lipid storage expands as it fills, and 
displaees the nucleus and 
other organelles to the 
outer edge of the eell. 



My dravving of 
adipose eonneetive tissue 
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TISSIJES— nneetitfe 




Reticular Connective Tissue 


Deseription 



Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and ground sribstanee. The most 
eommon eell type, ealled a fibroblast, manufactures fibers and other extracellular material. The two 
most eommon types of protein fibers produced are eollagen and elastin. Collagen is for strength and 
elastin is for elastieity. The eells and the fibers are both embedded in a gel-like material ealled the 
ground substance. The ground substance varies in its eonsisteney from being gelatinTike to a much 
more rigid material. 

Loose eonneetive tissues have fewer fibers than other eonneetive tissues and serve as a pn> 
teetive padding in the body. There are three tissues elassified as loose eonneetive tissues: areolar 
eonneetive tissue , adipose eonneetive tissue , and reticular eonneetive tissue . 

Reticular {retievdata — net) eonneetive tissue primarily eonsists of a network of reticular fibers. 
The most eommon eell type is the reticular eell, but it also eontains fibroblasts and maerophages. 

Reticular eonneetive tissue is like many cobwebs. The cobweb itself is like the network of reticular 
fibers seattered throughout the tissue, which physieally supports a variety of eell types. 


loeation 


Spleen, bone marrow, lymph nodes, liver, and kidney 


Fiinetion 


Fibers form a supportive netdike structure for a variety of eell types. 


Key to llliistration 

1. Reticular fibers 
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TISSIIES—Connective 

Retícular Connective Tíssue 


Loeation 


Fun Faet: If the spleen needs 
to be surgically removed, people 
ean survive without it, but they 
may be more prone to getting 
various infeetions. 




These cobwebs 
between tree 
branehes are like 
the network of reticular fibers in 
reticular eonneetive tissue. The reticular 
fibers provide a supportive framework for 
a variety of eell types. 



1 



(approx. 650x) 


1 . 
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TISSIIES—Connective 

Dense (fibrous) Regular Connective Tíssue 


Deseription 


Analogy 

Loeation 


Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and ground sribstanee. The most 
eommon eell type is ealled a fibroblast, which manufactures fibers and other extracellular material. 
The two most eommon types of protein fibers produced are eollagen and elastin. Collagen is for 
strength, and elastin is for elastieity. The eells and fibers are both embedded in a gehlike material 
ealled the ground substance. The ground substance varies in its eonsisteney from being gelatindike 
to a much more rigid material. 

Dense regular eonneetive tissue is eomposed primarily of eollagen fibers, so it is also ealled 
fibrous eonneetive or eollagenons tissue . The body has two types of dense eonneetive tissue: dense 
regular eonneetive and dense irregular eonneetive. Dense regular eonneetive tissue is eharaeterized by 
a large proportion of eollagen fibers that are staeked on top of eaeh other in an orderly arrangement. 

Layers of eollagen fibers are strong like the steel eables on a suspension bridge. 

Tendons and aponeuroses; ligaments; eovering around skeletal muscles. 


Fiinetion 


Anehors skeletal miisele to bone; attaehes bone to bone; paekages skeletal muscles; stabilizes bones 
within a joint. 


Study Tips 


Fibroblasts are in rows sandwiched between eollagen fibers. 
Collagen fibers are layered in an organized arrangement. 



Key to lllustration 

1. Collagen fibers 

2. Nuclei of fibroblasts 
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TISSilES— nneetive 


Dense (fibrous) Regular Connective Tíssue 


Loeation 




Fun Faet: The ealeaneal, or 
Aehilles' tendon is the strongest 
tendon in the body. 


Fibroblasts 



Collagen 

fiber 


Collagen fibers 


Color the 

eollagen 

fibers 

the 

same 

eolor. 



(approx. 200x) 


1 . 

2 . 



Collagen gives 
eonneetive tissues 
strength like the 
steel eables on 
a suspension 
bridge. 



dense regular eonneetive tissue 














































































































































TISSIIES—Connective 

Dense lrregular Connective Tíssue 


Deseription 


Connective tissues primarily give structural support to other tissues and organs in the body. Though 
they are of a wide variety of types, all are eomposed of eells, fibers, and ground sribstanee. The most 
eommon eell type is ealled a fibroblast, which manufactures the fibers and other extracellular 
material. The two most eommon types of protein fibers produced are eollagen and elastin. Collagen 
is for strength and elastin is for elastieity. The eells and the fibers are both embedded in a gehlike 
material ealled the ground substance. The ground substance varies in its eonsisteney from being 
almost like gelatin to a much more rigid material. 

There are two types of dense eonneetive tissue in the body, namely, dense regiilar eonneetive and 
dense irregnlar eonneetive. Dense irregular eonneetive tissue is eharaeterized by a random arrangement 
of eollagen fibers and a greater proportion of ground substance. 


Loeation 


Dermis of the skin; periosteum; viseeral organ eapsiiles; around muscles. 


Function 


Resists stresses applied in many different direetions 


Study Tips 


Fibroblasts are more seattered throughout the tissue 

Collagen fibers are not staeked on top of eaeh other, randomly arranged 



Key to lllustration 


1. Nucleus of fíbroblast 

2. Collagen fibers 

3. Ground substance 
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TISSIIES—Connective 

Dense lrregular Connective Tíssues 


Loeation 



FUN FACT: Collagen in the dermis 
of the skin breaks down as we age. 
Collagen injeetions are a eosmetie 
procedure used to smooth faeial 
lines. 



■0 


Fibroblast 


Collagen 

fiber 


Collagen fibers 



Color the 

eollagen 

fibers 

the 

same 

eolor. 



(approx. 200x) 


1. 

2 . 
3 . 




Irregular = 

Compared to dense regular 
eonneetive tissue, this tissue 
has its eollagen fibers 
arranged more randomly 



dense irregiilar eonneetive tissue 
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TISSIJES— nneetitfe 


Hyaline Cartílage 

Deseription 


Analogy 

Loeation 

Function 
Study Tip 


i 


Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and matrix. 

Cartilage is a speeialized type of eonneetive tissue. It is eharaeterized by three traits: lacunae, 
ehondroeytes, and a rigid matrix. The matrix is a firm gel material that eontains protein fibers and 
other substances. Within the matrix are small eavities ealled lacunae. Within the lacunae are living 
eartilage eells ealled ehondroeytes. Because eartilage laeks blood vessels, ehondroeytes rely on the 
diffusion of nutrients into the matrix to survive. 

The three basie types of eartilage in the body are: 

Hyaline eartilage 

Elastie eartilage 

Fibroeartilage 

Hyaline eartilage is the most eommon type of eartilage. 

Three dimensionally, a pieee of any type of eartilage is similar to a bloek of Swiss eheese in its 
stmetrire and general eonsisteney. Though eartilage is much stronger, both are solid and flexible. The 
eheese itself is the matrix and the holes are the lacunae. 

Covers ends of long bones in synovial joints; between ribs and sterniim; eartilages of nose, traehea, 
larynx, and bronehi; most portions of embryonie skeleton. 

Structural reinforeement, slightly flexible support; reduces frietion within joints. 

To identify this tissue either under the mieroseope or from a photograph, look for the following: 

This is the only eartilage type with no apparent fibers (they are present but do not stain ivell). 
Chondrocytes are evenly seattered within matrix. 



Key to lllustration 

1. Matrix 

3. Chondrocytes (eartilage eells) 

2. Lacunae 

4. Nucleus of a ehondroeyte 
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TISSIJES—Connective 


Hyaline Cartílage 


Loeation 






Color the 
ehondroeytes 
the same 
eolor. 


A bloek of 
eartilage is like 
a bloek of Swiss eheese 


(approx. 370x) 



1 . 

2 . 

3 . 

4 . 



My drawing of 
hyaline eartilage 



























ìlSStJES— nneetitfe 


Elastie Oartilage 


Deseription 



Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and matrix. 

Cartilage is a speeialized type of eonneetive tissue. It is eharaeterized by three traits: lacunae, 
ehondroeytes, and a rigid matrix. The matrix is a firm gel material that eontains protein fibers and 
other substances. Within the matrix are small eavities ealled lacunae. Within the lacunae are living 
eartilage eells ealled ehondroeytes. Because eartilage laeks blood vessels, ehondroeytes rely on the 
diffusion of nutrients into the matrix to survive. 

The three basie types of eartilage in the body are: 

Hyaline eartilage 
Elastie eartilage 
Fibroeartilage 

Elastie eartilage is the most durable and flexible type of eartilage, because of the presenee of 
many elastie fibers. 

Three dimensionally, a pieee of any type of eartilage is similar to a bloek of Swiss eheese in its 
stmetrire and general eonsisteney. Though eartilage is much stronger, both are solid and flexible. The 
eheese itself is the matrix and the holes are the lacunae. 


Loeation 


External ear; epiglottis; auditory eanal 


Fiinetion 


Provides support while easily returning to original shape when distorted. 


Study Tip 


To identify this tissue either under the mieroseope or from a photograph, look for the following: 
Chondrocytes appear larger than other eartilages. 

Numerous elastie fibers have appearanee of plant roots branehing in the soil. 



Key to lllustration 


1. Matrix 

3. Chondrocytes (eartilage eells) 

5. Nucleus of ehondroeyte 

2. Lacunae 

4. Elastin fiber 
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TISSIJES—Connective 

Elastíe Cartilage 


Loeation 


Color the 
ehondroeytes 
the same 
eolor. 


Fun Faet: The thyroid eartilage 
on the front of the larynx eontains 
a protmding structure eommonly 
ealled the "Adam's apple." 






(approx. 160x) 


1 . 

2 . 

3 . 

4 . 

5 . 



My dravving of 
elastie eartilage 
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TISSIIES—Connective 

Fibroeartilage 


Deseription 



Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and matrix. 

Cartilage is a speeialized type of eonneetive tissue. It is eharaeterized by three traits: lacunae, 
ehondroeytes, and a rigid matrix. The matrix is a firm gel material that eontains protein fibers and 
other substances. Within the matrix are small eavities ealled lacunae. Within the lacunae are living 
eartilage eells ealled ehondroeytes. Because eartilage laeks blood vessels, ehondroeytes rely on the 
diffusion of nutrients into the matrix to survive. 

The three basie types of eartilage in the body are: 

Hyaline eartilage 
Elastie eartilage 
Fibroeartilage 

Fibroeartilage is the strongest of the three types because of the presenee of many eollagen fibers. 

Three dimensionally, a pieee of any type of eartilage is similar to a bloek of Swiss eheese in its 
stmetrire and general eonsisteney. Though eartilage is much stronger, both are solid and flexible. The 
eheese itself is the matrix and the holes are the lacunae. 


Loeation 


Intervertebral dises; pubic symphysis; pads within knee joint 


Function 


Shoek absorber in a joint; resists eompression 


Study Tips 


To identify this tissue either under the mieroseope or from a photograph, look for the following: 
Has the most eollagen fibers of any eartilage. 

Collagen fibers often appear in a wavy pattern. 

Chondrocytes are often seen in rows and/or small ehisters. 



Key to lllustration 


1. Lacuna 

2. Chondrocyte 

3. Nucleus of a ehondroeyte 

4. Matrix 
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TISSIJES—Connective 


Loeation 



Fibroeartilage 



Fun Faet: Cartilage in joints 
such as the knee undergo the 
trauma of getting eompressed 
every day. 



■D 



Color the 
ehondroeytes 
the same 
eolor. 


(approx. 300x) 


1. 

2 . 

3 . 

4 . 


My dravving of 
fibroeartilage 
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TISSIIES—Connective 

Bone (osseous) Tíssue 


Deseription 



Connective tissues primarily give structural support to other tissues and organs in the body. Though 
there are a wide variety of types, all are eomposed of eells, fibers, and matrix. 

Bone is a speeialized type of eonneetive tissue that has ealeified into a hard substance. It is 
eomposed of organie and inorganie substances. The inorganie portion that constitutes about twO' 
thirds of bone mass is made of modified ealeiiim phosphate compounds ealled hydroxyapatite, while 
the organie portion is eomposed of eollagen fibers. The two general types of bone are: spongy and 
eompaet. Spongy bone is less organized and is found in the ends of long bones and other plaees. 
Compact bone is more complex and orderly in structure and is found in the shaft of long bones and 
other loeations. 

Let’s examine eompaet bone in more detail. The individual units in eompaet bone are tall, eylin- 
drieal towers ealled osteons (Haversian systems). In the middle of eaeh osteon is a eentral eanal that 
serves as a passageway for blood vessels. Around this eanal are eoneentrie rings of bony tissue ealled 
lamellae. Along eaeh of these rings at regular intervals are small spaees ealled lacunae that eontain a 
mature bone eell or osteoeyte. Branehing between individual lacunae are smaller passageways ealled 
canaliculi, which allow fluid with dissolved nutrients to travel to osteoeytes. 

Eaeh surface of an osteon looks like a tree stump. Both structures are made of hard, dense materials. 
Like the growth rings in a tree, the osteon has eoneentrie rings ealled lamellae. 


Loeation Bones 


Function 


Bone supports body and proteets vital organs; provides attaehments for muscle to form a lever system 
for movement; stores calcium compounds and fat. Marrow eontains stem eells that produce all blood 
eell types. 



Key to lllustration 


1. Osteon 

2. Oentral eanal 

3. Osteoeytes inside lacunae 
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TISSIIES—Connective 

Bone (osseous) Tíssue 


Loeation 




Wedge of 
eompaet bone 


From a superior view, 
eaeh osteon looks 
like a tree stump. 



Color the 

osteons 

the 

same 

eolor. 



rox. 120x) 


1. 

2 . 
3 . 
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TISStlES—Muscle 

Skeletal Muscle Tissue 

Deseription 


Analogy 

Loeation 

Function 
$tudy Tips 


There are three different types of muscle tissue: 

Skeletal muscle 
Cardiac muscle 
Smooth muscle 

Skeletal muscle is under conscious eontrol, so it is also referred to as volnntary miisele. Eaeh 
skeletal muscle eell is a long eylinder with a banding pattern, and eaeh band is ealled a striation. 
Most body eells have only one nucleus per eell, but skeletal muscle has miiltiple nuclei in eaeh eell— 
a unique feature. 

Under the mieroseope, skeletal muscle appears as a bunch of staeked logs. Eaeh log is equivalent to 
one skeletal muscle eell. Consider them to be bireh logs that have a striped pattern on them. These 
stripes are the striations. Note that the log doesn’t show us the entire tree, just as the image under 
the mieroseope doesn’t show us the entire eell. This is because the eells are very long. 

All the major muscles of the body are eomposed of skeletal muscle. Examples of skeletal muscle are 
the bieeps braehii, gluteus maximus, and peetoralis major. 

Contraction of muscles (eonseions eontrol) 


Under the mieroseope at higher magnifieations, you ean use the following landmarks to distinguish 
skeletal muscle tissue: 

Striations 

Miiltiple nuclei per eell 

Long eells. (Eaeh eell is so long that you eannot see the ends of it under high magnifieation.) 


1. Nuclei withín one skeletal 

Key to 1 llustration 

2. One skeletal muscle eell 

3. Striation 

muscle eell 
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TISSIIES—Muscle 

Skeletal Muscle Tissue 


Loeation 




Fun Faet: The hiiman body is 
eomposed of more than 600 
miiseles. Together, they constitute 
about 40% of body mass. 




43 


Nucleus 

Striations 


Sareolemma 
(plasma membrane) 




Skeletal muscle eell 



Color the 
muscle 
eells the 
same 
eolor. 



(approx. 150x) 


1. 

2 . 
3 . 


Eaeh 
skeletal muscle eell 
(or fiber) is like a bireh tree log 
because it is a long eylinder 
with a striped pattern. 
































































































































































































































TISStlES—Muscle 

Cardiac Muscle Tissue 


Deseription 


There are three different types of muscle tissue: 

Skeletal muscle 
Cardiac muscle 
Smooth nrnsele 

Cardiac muscle is under our unconscious eontrol. Eaeh eell has a somewhat eylindrieal shape and a 
single nucleus per eell. One eell eonneets with another to form a union ealled an interealated dise. This 
stmetiire ean be seen with a compound mieroseope. Vertieal bands run up and down eaeh eell to form a 
striped pattern, in which eaeh stripe is a striation. 


Analogy 

Loeation 

Fiinetion 

Distinguishing 

Features 


The interealated dises are like two pieees of a jigsaw puzzle fitting together. 

Oardiae muscle is found only in the heart. 

Oontraetion of miiseles (unconscious eontrol) 

Under the mieroseope at higher magnifieations, you ean use the following landmarks to distinguish 
eardiae muscle tissue: 

Striations 

Nucleus appears oval or rounded 

Interealated dises 

Forking or branehing pattern 



Key to lllustration 


1. Nucleus of one eardiae 

2. Striatíon 

4. Individual eardiae muscle eell 

muscle eell 

3. Interealated dise 



98 





TISSIIES—Muscle 


Cardiac Muscle Tíssue 


Loeation 




Fun Faet: Some eardiae muscle 
eells ean initiate and maintain their 
own rhythmie beat. 






Interealated 

dise 


Nucleus 


3 eardiae muscle eells 


Color the 
muscle 
eells the 
same 
eolor. 




The interealated dise 
is the site where one 
eardiae muscle eell joins 
to another. They eonneet 
together like two pieees 
of a jigsaw puzzle. 


(approx. 270x) 


1. 

2 . 

3 . 

4 . 



My dravving of 
eardiae muscle 
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TISStlES—Muscle 

Smooth Muscle Tissue 

Deseription 


Analogy 

Loeation 


Fonetion 
$tudy Tip 


There are three different types of muscle tissue: 

Skeletal muscle 
Cardiac muscle 
Smooth muscle 

Smooth muscle is under unconscious eontrol. It laeks the striations found in the other two types 
of muscle tissue, and eaeh eell has only one nucleus. 

In a sheet of smooth muscle the individual eells are staeked one on top of the other and staggered in 
their appearanee. Eaeh short eell is shaped like elongated ravioli because it is thieker in the middle 
and tapered on eaeh end. This staggered pattern is similar to the pattern of brieks in a wall. 

The two types of smooth muscle are viseeral and multbunit: 


Type 

Loeation 

Viseeral 

Walls of hollow organs (stomaeh, intestínes, urinary bladder, ete.) 

Multi-unit 

Walls of large arteries, traehea, muscles in the iris and eiliary body of the eye, arreetor 
pili muscles that attaeh to hair follieles 


Contraction of muscles (unconscious eontrol) 

Under the mieroseope, it will be difficult to see the eell membrane of individual eells. Instead, you 
will have to rely on the overall pattern of staggered eells staeked on top of one another to identify 
this tissue. The general pattern will show up in how the nuclei are arranged with respeet to eaeh 
other. 



Key to llliistration 


1. Individual smooth muscle 

2. Nucleus of one smooth 

3. Plasma membrane 

eell 

muscle eell 
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TISSIIES—Muscle 


Smooth Muscle Tíssue 


Loeation 



Fun Faet: The drug pitoein 
is a hormone used to induce 
labor. It causes the smooth 
muscle in the uterus to eontraet 





„*> WW*-' <v 

-Ww^ 


Smooth muscle is often 
arranged in sheets of eells 
staeked on top of eaeh other 


The staggered pattern 
of the eell arrangement 
looks like brieks in a wall. 



© 


Color the 
muscle 
eells the 
same 
eolor. 



(approx. 300x) 


1. 

2 . 
3 . 



smooth muscle 
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TISSIIES—Nervoiis 

Nervous Tissue 


Deseription 



Neurons, or nerve eells, are one of the fiindamental eells in nervous tissue. Of the variety of types of 
neurons, all share eertain features. Surrounding the nucleus of every neuron is a region ealled the eell 
body. Most of the organelles are found here. Branehing out from the eell body are one of two types of 
proeesses—dendrites or an axon. Eaeh neuron has only one axon per eell but may have one or more 
dendrites. At the end of every axon is the synaptie knob, which defines the end of the eell. Sur- 
rounding the neurons are various smaller eells that offer structural support and proteetion that eonsti- 
tute the neuroglia. 

Under the mieroseope, a neuron resembles an octopus. The head of the octopus is the eell body and 
the tentaeles are the eelhilar proeesses (dendrites or axon). 


Loeation 


Brain, spinal eord, and peripheral nerves 


Function 


Conduct nervoiis (eleetrieal) imprilses to other neurons, muscles, or glands to regulate their function 


Distìnguishing 

Features 


Under the mieroseope at higher magnifieations, you ean use the following landmarks to distinguish 
nervous tissue: 

Cellular proeesses (unique to nervoiis tissue) 

Cell body 
Rounded nucleus 

Nucleolus (may or may not be visible depending on slide quality and magnifieation) 



Key to lllustration 


1. Dendrítes 

3. Nucleus 

5. Axon 

2. Cell body 

4. Nucleolus 

6. Neuroglia 
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TISSIIES—Nertfous 

Nervous Tíssue 


Loeation 



Dendrites 


Color the 
neuroglial 
tissue the 
same 
eolor. 



Fun Faet: Neurons are the 
longest eells in the body. Some 
are more than 3 feet in length. 





An individual 
multipolar neuron 
looks like an octopus. 


(approx. 425x) 


1 . 

2 . 

3. 

4. 

5. 

6 . 



My dravving of 
nervous tissue 
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Notes 
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INTEGIIMENTARY SYSTEM 

Overvíew 


Deseription 


Study Tips 


Function 


The skin, or integumentary system, is the largest organ in the body by total surface area. In the 
average adult it measrires about 21 sq. ft. It is divided into three regional areas: epidermis, dermis, 
and hypodermis ( subcutaneous region). The epidermis is the oritermost layer and is eomposed of layers 
of eells. The dermis lies direetly beneath and is subdivided into the upper papillary region and the 
lower reticular region. The papillary region eonsists of loose eonneetive tissue, and the reticular region 
eonsists of dense irregular eonneetive tissue. The dermis houses many of the glands and hair follieles 
within the skin. The hypodermis is below the dermis and is eomposed of both areolar and adipose eon- 
neetive tissues. Though not a true part of the skin, it is the foundation on which the skin rests. The 
upper region eontains arteries and veins. When a subcutaneous injeetion is given with a hypodermie 
needle, it penetrates into these vessels so the drug ean be delivered direetly into the bloodstream. 

Aeeessory structures include hair follieles, hair shafts, glands, and sensory reeeptors. Hair follieles 
produce hair shafts. An arreetor pili muscle is a small ehister of smooth muscle eells eonneeted to 
hair follieles. When they eontraet, they pull the hair folliele up, causing “goose bumps.” Typieal 
glands are sebaceous glands and sweat glands. Sebaceous (oil) glands are often eonneeted to hair 
follieles. They produce an oily substance that lubricates hair shafts. 

There are two types of sweat glands: meroerine and apoerine. Meroerine glands are more eom- 
mon and widely distributed throughout the skin. They seerete a watery seeretion ealled sweat into 
a duct and release it direetly onto the skin surface. This watery film absorbs heat, then evaporates, 
resrdting in eooling the body. Apoerine glands are less eommon and are eonneeted to hair follieles. 
They are loeated in the armpits, around nipples, and in the groin. Their seeretion eontains both 
lipids and proteins. When baeteria aet on this seeretion, the result is body odor. 

Sensory reeeptors include taetile corpuscles, free nerve endings, and lamellated corpuscles. 
Taetile corpuscles deteet mostly light touch, free nerve endings deteet mostly pain and temperature 
ehanges, and lamellated corpuscles respond to ehanges in deep pressure. 

Layers of Epidermis 

To remember the layers of the epidermis from the outermost to innermost layer, use the following 
mnemonie: “Can Lucy Qive Some Bíood?” 

(Note: This works only with thiek skin samples such as in the sole of the foot because the stratum 
lucidum is not present in thin skin.) 

You ean remember that the stratum basale is at the bottom of the epidermis because basale and 
basement both begin with the letter “b.” 

Physieal proteetion from environment, regulation of body temperature, synthesis of vitamin D, 
excretion of waste products, prevention of water loss, prevention of invasion by pathogens 



Key to 1 llustration 


Layers of Epidermis 

7. Dermis 

14. Sebaceous (oil) gland 

(Thiek Skin) 

8. Papillary region 

15. Hairshaft 

1. Stratum corneum 

9. Reticular region 

16. Hairfolliele 

2. Stratum lucidum 

10. Hypodermis (subcutaneous 

17. Lamellated corpuscle 

3. Stratum granulosum 

region) 

18. Arreetor pili muscle 

4. Stratum spinosum 

Aeeessory Structures 

19. Sweat gland duct 

5. Stratum basale 

11. Dermal papillae 

20. Meroerine sweat gland 

Regional Areas of the Skin 

12. Taetile corpuscle 

21. Apoerine sweat gland 

6. Epidermis 

13. Free nerve ending 
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INTEGIIMENTARV SYSTEM 

Overview 


Layers of Epidermis 



Regional Areas of the Skin 

6 . 


Epidermis 


Adipoeyte 


Sebaceous 

gland 


Aeeessory Structures 


11 . 

17 . 

12 . 

18 . 

13 . 

19 . 

14 . 

20 . 

15 . 

21 . 

16 . 
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SKELETAL SVSTEM—General Information 

Long Bone Structure 


Deseription 


The shaft of the long bone is ealled the diaphysis, while eaeh end is ealled an epiphysis. Covering 
the diaphysis is a sheath of fibrous eonneetive tissue ealled periosteum, which aids in the attaehment 
of muscles to bone. Covering eaeh epiphysis is a smooth layer of hyaline eartilage that is more gen- 
erally referred to as articular eartilage because it is used to form joints. This smooth surface helps 
to reduce frietion within the joint. Inside the diaphysis is a hollow ehamber ealled the medullary 
eavity. It eontains yellow marrow, which eonsists mostly of fatty tissue that aets as a reserve fuel 
supply for the body. Lining the inside of the medullary eavity is a thin eelliilar layer ealled the 
endosteum, which eontains both osteoblasts and osteoelasts. 

There are two types of bone within the body—spongy and eompaet. Spongy bone ean be found 
within the epiphyses and lining the medrillary eavity. Like a sponge, it is more porous, less organized, 
and eontains many open spaees within it. By eontrast, eompaet bone is much more organized and 
dense. It is much stronger than spongy bone and it constitutes the wall of the diaphysis. In adults, a 
thin layer of eompaet bone is also found at the epiphyseal line. This marks where the epiphyseal 
growth plate used to be loeated before it ossified. 


Study Tip 


Epiphysis is the end of a long bone—“Epiphysis” and “End” both begin with the letter “e.” 



Key to lllustration 



1. Proximal epíphysis 

5. Spongy bone 

9. 

Endosteum 

2. Diaphysis 

6. Epiphyseal line 

10. 

Yellow marrow 

3. Distal epiphysis 

7. Medullary eavity 

11. 

Compact bone 

4. Articular eartilage 

8. Periosteum 

12. 

Wedge of eompaet bone 
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SKELETAL SVSTEM—General Information 

Long Bone Structure 



The humerus is 
an example 
of a long bone. 


✓ 

Color the 

different 

structures 

different 

eolors. 
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SKELETAL SVSTEM—General Information 

Osteon Structure 


Deseription 



There are two types of bone within the body— spongy and eompaet. Spongy bone ean be found 
within the epiphyses and lining the medullary eavity. Like a sponge, it is more porous, less organized, 
and eontains many open spaees within it. By eontrast, eompaet bone is much more organized and 
dense. It is much stronger than spongy bone, and it constitutes the wall of the diaphysis. 

Let’s examine eompaet bone in more detail. The individual units in eompaet bone are tall, eylin- 
drieal towers ealled osteons (Haversian systems). In the middle of eaeh osteon is a eentral eanal that 
serves as a passageway for blood vessels. Around this eanal are eoneentrie rings of bony tissue ealled 
lamellae. Along eaeh of these rings at regular intervals are small spaees ealled lacunae, which eontain 
a mature bone eell or osteoeyte. Branehing between individual lacunae are smaller passageways 
ealled canaliculi, which allow fluid with dissolved nutrients to travel to osteoeytes. 

Eaeh surface of an osteon looks like a tree stump. Both structures are made of hard, dense materials. 
Like the growth rings in a tree, the osteon has eoneentrie rings ealled lamellae. 



Key to llliistration 


1. Osteon (Haversian system) 

5. Spongy bone 

9. Osteoeyte 

2. Lamellae 

6. Communicating eanal 

10. Canaliculi 

3. Oollagen fibers 

7. Oentral eanal 


4. Periosteum 

8. Lacuna 
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SKELETAL SVSTEM—General Information 

Osteon Structure 



1. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 
9 . 

10 . 


Femur 




1 



The surface of 
an osteon looks 
like a tree stump 
(see p. 95). 


Osteon 

superior view 
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SKELETAL SVSTEM—Axial Skeleton 

Skull—Lateral and Midsagittal Views 



Skull 

lateral view 


Key to Lateral View 


Bones (B) 

B1 

Frontal bone 

B2 

Parietal bone 

B3 

Oeeipital bone 

B4 

Temporal bone 

B5 

Sphenoid 

B6 

Ethmoid 

B7 

Laerimal bone 

B8 

Nasal bone 

B9 

Maxilla 

BIO Zygomatie bone 

B11 

Mandible 

Sutures (S) 

S1 

Ooronal suture 

S2 

Squamous suture 

S3 

Lambdoid suture 


Proeesses, 

Projeetions (P) 

P1 

Mastoid proeess 

P2 

Styloid proeess 

P3 

Zygomatie areh 

P4 

Zygomatie proeess 
of temporal bone 

P5 

Temporal proeess 
of zygomatie bone 

Foramina (F) 

F1 

Supraorbital 

foramen 

F2 

Infraorbital 

foramen 

F3 

Mental foramen 

Canal (C) 

C1 

External acoustic 


meatus {eanal) 


Key to Midsaggital View 

Bones (B) Proeesses, 

B1 

Frontal bone 

Projeetions (P) 

B2 

Parietal bone 

P1 Orista galli 
(of ethmoid) 

B3 

Oeeipital bone 

P2 Perpendicular 

B4 

Temporal bone 

plate (ofethmoid) 

B5 

Sphenoid 

P3 Oeeipital eondyle 

B6 

Nasal bone 

Foramina (F) 

B7 

Vomer 

F1 Jugular foramen 

B8 

Palatine bone 

Sinuses (SS) 

B9 

B10 

Maxilla 

Mandible 

551 Frontal sinus 

552 Sphenoidal sinus 

Sutures (S) 

S1 Ooronal suture 

Canal (C) 

C1 Internal acoustic 
meatus (eanal) 

52 

53 

Squamous suture 

Lambdoid suture 
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SKELETAL SVSTEM—Axial Skeleton 


Skull—Anteríor View 



Color the 
different bones 
to mateh your 
textbook. 


Orbital Complex 

Seven bones (b.) form the bony 
orbit that eneases the eye: 


FS1 


FS2 


Frontal b. 
Maxilla 
Laerimal b. 
Ethmoid 


Palatine b. 
Sphenoid 
Zygomatie b. 






Key to llliistration 


Bones (B) 

B10 

Maxilla 

Canal (C) 

B1 

Frontal bone 

B11 

Vomer 

C1 Optie eanal 

B2 

Sphenoid 

B12 

Mandible 

Proeesses, Projeetions (P) 

B3 

Ethmoid 

Sutures (S) 

P1 Middle nasal eoneha 

B4 

Laerimal bone 

S1 

Ooronal suture 

P2 Perpendicular proeess 

B5 

Nasal bone 

S2 

Squamous suture 

of ethmoid 

B6 

Parietal bone 

Foramina (F) 

P3 Inferior nasal eoneha 

B7 

Temporal bone 

F1 

Supraorbital foramen 

Fissures (FS) 

B8 

Palatine bone 

F2 

Infraorbital foramen 

FS1 Superior orbital fissure 

B9 

Zygomatie bone 

F3 

Mental foramen 

FS2 Inferior orbital fissure 
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SKELETAL SYSTEM—Axial Skeleton 


Skull—Posterior View and Skullcap 





Color the 
different bones 
to mateh your 
textbook. 


S2 



The term "eoronal" means 
"crown." A tiara (crown) on 
the head of a beauty queen 
follows the same direetion 
as the eoronal suture. 




Skullcap 

superior view 

"Lambdoid" means resembling the 
Greek letter lambda A 


Skull 

posterior view 



ln the posterior 
view, the skull 
looks like a 
modified 
"peaee sign." 

P = Parietal bone 
O = Oeeipital bone 



Key to llliistration 


Bones (B) 

Sutures (S) 

Proeesses, Projeetions (P) 

B1 Frontal bone 

S1 Ooronal suture 

P1 Mastoid proeess 

B2 Parietal bone 

S2 Sagittal suture 


B3 Oeeipital bone 

S3 Lambdoid suture 
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SKELETAL SVSTEM—Axial Skeleton 

Skull—Superior View without Skullcap 



Foramen 

magnum 


From the lateral view, /K 

the sella turcica resembles ^ 
a horse's saddle. 


Simplify what you see, 
use the sella turcica and 
foramina as landmarks. 


Sella 

turcica 


Foramen 

magnum 

(largest hole) 


Sella 

turcica 

(saddle- 

like 

structure) 


Bones (B) 

Key to llliistration 

Proeesses, Projeetions (P) 

Foramina (F) 

B1 

Frontal bone 

P1 Orista galli 

F1 

Foramen rotundum 

B2 

Ethmoid 

P2 Oribriform plate 

F2 

Foramen ovale 

B3 

Sphenoid 

Canal (C) 

F3 

Foramen spinosum 

B4 

Temporal bone 

C1 Internal acoustic meatus 

F4 

Foramen laeemm 

B5 

B6 

Parietal bone 

Oeeipital bone 


F5 

Jugular foramen 
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SKELETAL SVSTEM—Axial Skeleton 

Skull—Inferíor View with Mandible Removed 


Palatine bones 



Vomer 


Foramen 

magnum 



Simplify what you see 
and use major foramina 
as landmarks. 



Color the different bones 
to mateh your textbook. 



Key to lllustration 


Bones (B) 

Sutures (S) 

Proeesses, Projeetions (P) 

B1 Palatine bone 

S1 Oeeipitomastoid suture 

P1 Palatine proeess of maxilla 

B2 Vomer 

S2 Lambdoid suture 

P2 Temporal proeess of zygomatie bone 

B3 Maxilla 

Foramina (F) 

P3 Zygomatie proeess of temporal bone 

B4 Zygomatie bone 

F1 Foramen lacerum 

P4 Styloid proeess (temporal bone) 

B5 Sphenoid 

F2 Foramen ovale 

P5 Mastoid proeess (temporal bone) 

B6 Temporal bone 

F3 Foramen spinosum 

P6 Oeeipital eondyle 

B7 Parietal bone 

F4 Jugular foramen 

Canal (C) 

B8 Oeeipital bone 


C1 External acoustic meatus (eanal) 



C2 Carotid eanal 
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SKELETAL SVSTEM—Axial Skeleton 

Fetal Skull—Focusing on Fontanels 



Fetal skull 

superior view 



Color the 
different bones 
to mateh your 
textbook. 



Fontanels are flat areas of fibrous eonneetive 
tissue betvveen bones of the skull that have 
not eompleted the ossifieation proeess. 

There are 4 major fontanels in the fetal skull. 
VVhat is referred to as the "soft spot" on an 
infant's skull is actually the anterior fontanel, 
vvhieh typieally eloses by 2 years of age. 


Fontanels 

1._ 

2 ._ 

3 . _ 

4 . 


Key to llliistration 

1. Anterior fontanel 

2. Posterior fontanel 

3. Mastoid fontanel 

4. Sphenoid fontanel 


Fetal skull 

lateral view 


1 



Fetal skull 

frontal view 
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SKELETAL SVSTEM—Axial Skeleton 

Temporal Bone—Visualizing the Lateral View 


Deseription 



Study Tips 


The temporal bone is loeated on the side of the skulL It articulates with the sphenoid, parietal, and 
oeeipital bones. The zygomatie proeess of the temporal bone articulates with the temporal proeess of 
the zygomatie bone to form the zygomatie areh. 

The temporal bone in the lateral view is like the head of a rooster. The squamous portion ( squama) 
is the rooster’s eomb, the external acoustic meatus is the rooster’s eye, the styloid proeess is the 
rooster’s beak, and the mastoid proeess is the rooster’s wattles. 

Palpate ( touch ): Feel behind your ear to loeate the large bump—the mastoid proeess. 

The styloid proeess is often broken off of a real skull because it is a delieate structure. Do not 
be surprised if you eannot loeate it on a real skull, but a good-quality plastie skull will have this 
structure. 

Squamous means “sealedike,” which accurately deseribes the flat, squamous portion of the 
temporal bone. 

Proeesses and other stmetrires are sometimes named after the bones with which they artiem 
late: e.g., zygomatie proeess of temporal bone and temporal proeess of zygomatie bone. 



Key to 1 llustration 


1. Squamous part (squama) 

3. External acoustíc meatus 

5. Styloid proeess 

2. Zygomatie proeess 

4. Mastoid proeess 



120 








SKELETAL SVSTEM—Axial Skeleton 

Temporal Bone—Visualízing the Lateral View 



4 . 

5 . 
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SKELETAL SVSTEM—Axial Skeleton 

Ethmoid—Visualizing the Bone 


Deseription 



Loeation 


The ethmoid is embedded in the skull and loeated behind the bridge of the nose. The entire bone is 
not visible. Only speeifie portions of it ean be seen, which makes it difficult to visualize how it fits 
into the skull. On its superior aspeet are several important structures. A flat plate of bone ealled the 
eribriform plate has many small holes in it ealled olfaetory foramina that allow olfaetory nerves to 
pass from the olfaetory organ to the brain. A partition ealled the erista galli separates the eribriform 
plate into left and right halves. In the anterior view, a long vertieal plate of bone ealled the perpen- 
dicular plate forms part of the nasal septiim. On either side of this plate are tiny, curved, bony 
projeetions ealled the superior and middle nasal eoneha. The sides of the bone eonsist of the lateral 
masses. These structures eontain a network of intereonneeted, hollow ehambers ealled ethmoid air 
eells. Together, these air eells constitute the ethmoid simises. 

The entire bone ean be eompared to an ieeberg floating in the water. Like the ieeberg, the entire 
ethmoid bone eannot be seen because much of it is embedded in the skull. The tip of the ieeberg 
that ean be seen is the superior aspeet of the ethmoid bone, which looks like a door hinge folded 
flat. The hinge itself is the erista galli, the metal plate is the eribriform plate, and the screw holes 
in the plate are the olfaetory foramina. 

The erista galli more elosely resembles a shark’s dorsal fin. 

Sknll 



Key to llliistration 


1. Crista galli 

4. Superior nasal eoneha 

6. Middle nasal eoneha 

2. Críbriform plate 

5. Ethmoid air eells 

7. Perpendicular plate 

3. Olfaetory foramina 
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SKELETAL SVSTEM—Axial Skeleton 

Ethmoíd—Visualízing the Bone 




The superior view of the ethmoid 
looks like a door hinge. 


1 . 

2 . 

3 . 

4 . 

5 . 

6 . 
7 . 



In the superior view of 
the ethmoid, you are seeing 
only one small portion of 
the whole bone, like the tip 
of an ieeberg. 

The rest of the bone is 
embedded in the skull. 





The erista galli 
looks like a shark 
fin above the 
surface of 
the water. 


Ethmoid 

anterior view 
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SKELETAL SVSTEM—Axial Skeleton 

Sphenoid—Visualizíng the Bone 


Deseription 



Loeation 


The sphenoid (sphenoid bone) is embedded within the skull, so it ean be difficult to visualize. To 
be seen in its entirety, it must be removed from the skull. It articulates with the frontal, parietal, 
oeeipital, ethmoid and temporal bones of the eranirim and the palatine bones, zygomatie bones, 
vomer, and maxillae of the faeial bones. 

The entire sphenoid resembles a big-eared bat in flight. The legs of the bat are the pterygoid 
proeesses and ean only be seen from an inferior view of the skull. The wing of the bat is the greater 
wing and the bat’s body represents the sella turcica. The big ears of the bat are the lesser wings. 

The sella turcica resembles a horse’s saddle. This structure proteets the pituitary gland. 

Skull 


Study Tips 


Good landmarks: 

Sella turcica. This saddle-like structure is unique in its shape. 

Foramen ovale. This hole is usually ovahshaped, which makes it easier to distinguish from 
other foramina. 




Key to lllustration 



1. 

Greater wing 

4. Optie eanal (foramen) 

7. 

Foramen ovale 

2. 

Lesser wing 

5. Sellaturcica 

8. 

Foramen spinosum 

3. 

Superior orbital fissure 

6. Foramen rotundum 

9. 

Pterygoid proeess 
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SKELETAL SVSTEM—Axial Skeleton 


Sphenoíd—Visualízing the Bone 



posterior view 




Sphenoid 

anterior view 


1 . 

2 . 

3 . 

4 . 

5 . 


6 . 

7 . 

8 . 
9 . 
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SKELETAL SVSTEM—Axial Skeleton 

Sphenoidal Foramina—Linking Them Together with Ros the Cowboy 


Deseription 



Fiinetion 


A foramen (sing., foramina = plural) is a hole in bone through which a structure such as a blood 
vessel or nerve passes. The sphenoid bone eontains many foramina. At first glanee they appear like 
many small, indistinguishable holes. The ehallenge is to be able to differentiate one from the other. 


This analogy will link five different sphenoidal foramina. The sella turcica looks like a horse’s 
saddle. Imagine a miniature cowboy sitting on the sella turcica. He is named ROS for the three 
foramina (F.) on either side of him. From medial to lateral, they are as follows: F. Rotundum, 
F. Ovale, and F. Spinosrim. His Legs go through foramen Lacerum and his arms go through the Optie 
foramen. Because the optie nerve passes through this opening, imagine ROS holding onto the optie 
nerves as if they were the reins of a horse. 


Foramen (F.) 

Blood Vessel / Nerve Passing Through 

Optie F. 

Oranial nerve II (optie) and ophthalmie artery 

F. rotundum 

Maxillary braneh of eranial nerve V (trigeminal) 

F. ovale 

Mandibular braneh of eranial nerve V ( trigeminal) 

F. spínosum 

Blood vessels to membranes around eentral nervous system 

F. laeemm 

Braneh of aseending pharyngeal artery 


Study Tips 


The foramen ovale tends to be shaped like an oval. 
The F. spinosum is the smallest of the foramina. 



Key to 1 llustration 


1. Optie foramen 

3. Foramen ovale 

5. Foramen laeemm 

2. Foramen rotundum 

4. Foramen spinosum 

6. Sellaturcica 
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SKELETAL SVSTEM—Axial Skeleton 



Sphenoidal Foramina—Linking Them Together with Ros the Cowboy 



Skull 

superior view 
with scullcap removed 




Fun Faet: The skull is 
eomposed of 22 bones: 
8 in the skullcap and 14 
in the faee. 
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SKELETAL SVSTEM—Axial Skeleton 

Palatine Bones—Vísualizing the Bones 


Deseription 



The skull has two, small palatine bones. Two major parts of this bone are the horizontal plate and the 
perpendicular plate. The horizontal plate artieiilates with the maxillae to form the posterior portion 
of the hard palate in the roof of the mouth. When the horizontal plates of both bones touch, they 
form a narrow ridge ealled the nasal erest, that articulates with the vomer. The perpendicular plate 
runs vertieally and articulates with the maxillae, ethmoid, sphenoid, and inferior nasal eoneha. The 
orbital proeess is loeated on top of the perpendicular plate to mark the most superior part of the 
bone. It forms a small part of the posterior portion of the orbit. 

In the anterior view, eaeh palatine bone looks like a letter “L.” Both bones fused together look like 
two mirror-image letter Us touching eaeh other. 


Loeation skuii 



Key to llliistration 

1. Horizontal plate 

3. Perpendicular proeess 

2. Nasal erest 

4. Orbital proeess 
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SKELETAL SVSTEM—Axial Skeleton 


Palatíne Bones—Visualizing the Bones 


Palatine proeess 




Palatine bones 

inferior view 



Palatine bones 

anterior view 



ln the anterior view, eaeh palatine 
bone resembles a letter "L." The two 
bones fused together are like two 
mirror-image L's touching eaeh other. 


1 . 

2 . 

3 . 

4 . 
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SKELETAL SVSTEM—Axial Skeleton 

Total Number of Eaeh Type of Vertebrae 


Deseription 


The vertebral column eontains a total of 24 vertebrae of three different types: 

Cervical (7) 

Thoraeie (12) 

Lumbar (5) 

In total there are 7 eervieal, 12 thoraeie, and 5 lrimbar vertebrae. To remember the total number of 
eaeh type of vertebrae, think of meal times: 

Breakfast at 7:00 a.m. 

Lunch at 12:00 noon 

Dinner at 5:00 p.m. 

To remember the saemrn and coccyx, think of having 2 snaeks in the evening: 
lst snaek = sacrum 
2nd snaek = coccyx 

The sacrum resiilts from the fusion of five vertebrae. On the top, in the anterior view, is a 
ridge of bone ealled the saeral promontory. This is an important landmark for a female’s pelvie 
exam. The series of holes mnning through the bone are ealled the saeral foramina—nerves of 
the saeral plexus pass through them. On the posterior surface, there is an opening ealled the 
saeral hiatus that leads into a long passageway ealled the saeral eanal. Nerves from the spinal 
eord run through this eanal. 

The coccyx ( tailbone ) is loeated inferior to the saemm and eonsists of 3-5 bones. It serves as 
an anehor point for muscles, tendons, and ligaments. 
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SKELETAL SVSTEM—Axial Skeleton 

Total Number of Eaeh Type of Vertebrae 




Cervical 


Thoraeie 


Lumbar 


Saernm 


Saeral 

promontory 


Coccyx 


The coccyx 
looks like a 
rattlesnake tail 





Breakfast at 7 a.m. 



Lunch at 12 noon 



Dinner at 5 p.m. 


Saeral 

eanal 




Saemrn 

anterior view 


Anterior 

saeral 

foramina 



Saeral 

hiatus 


Posterior 

saeral 

foramina 


Sacrum 

posterior view 


Coccyx 
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SKELETAL SVSTEM—Axial Skeleton 

Atlas and Axis—Visualizing Structural Differenees 


Deseription 



Loeation 

Function 


The vertebral column eontains a total of 24 vertebrae of three different types: eervieal (7), thoraeie 
(12), and lrimbar (5). The first two eervieal vertebrae at the top of the vertebral eoliimn are referred 
to as the atlas (eervieal 1 or C1 ) and the axis (eervieal 2 or C2). Like the Greek god Atlas held up the 
earth, the atlas vertebra is positioned at the base of the globedike skull. The atlas is designed to pivot 
on the axis, which permits you to turn your head from side to side. 

The atlas (Cl) resembles a tnrtle’s head with eyeglasses. The anterior areh is the handle of the eye- 
glasses, the superior articular faeets are the lenses of the glasses, the transverse proeess is the arm of 
the eyeglasses, and the posterior areh is the smile on the turtle’s faee. 

The axis (C2) resembles a football player grasping a football. The odontoid proeess is the 
football player’s helmet, the superior articular faeet is the football player’s shoulder pad, the lamina 
is the forearm, and the spinous proeess is the hands grasping the football. 

The first two eervieal vertebrae at the top of the vertebral column 

The atlas and axis together form a pivot joint. When you turn your head from side to side, the atlas is 
rotating on the more stationary axis. 


Study Tips 


The following are good landmarks for these bones: 


Atlas 

transverse foramen 

large superior articular faeets 

large superior articular faeets 


Axis 

transverse foramen 

odontoid proeess ( dens ) (unique to axis only) 


Note that only eervieal vertebrae have a transverse foramen. This makes them easy to distinguish 
from thoraeie or lumbar vertebrae. 



Key to lllustration 

Atlas 

Axis 

1. Anterior areh 

6. Odontoid proeess (dens) 

2. Superior articular faeet 

7. Superior articular faeet 

3. Transverse proeess 

8. Lamina 

4. Posterior areh 

9. Bifid spinous proeess 

5. Transverse foramen 

10. Transverse foramen 
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SKELETAL SVSTEM—Axial Skeleton 


Atlas and Axis—Visualízíng Structural Differenees 


Atlas 

superior view 





Axis (C2) 



Axis 

supero-posterior view 



Note: A bifurcated fbifidj 
spinous proeess is a good 
landmark to identify 
a eervieal vertebra. v 



Atlas the turtle 



Bubba Axis, 
the football player 


1 . 

2 . 

3 . 

4 . 

5 . 


6 . 

7 . 

8 . 
9 . 

10 . 
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SKELETAL SVSTEM—Axial Skeleton 

Lumbar Versus Thoraeíe Vertebrae—Distinguishíng the Differenee 


Deseription 



Loeation 


The vertebral column eontains three different types of vertebrae: eervieal (7), thoraeie (12), and 
lrimbar (5). Eaeh type has its own unique features to distinguish one from another, yet all of the types 
have three basie features in eommon: 

1. Body —bears weight and inereases in size as one moves down the vertebral column. 

2. Vertebral areh—structure that eontains a vertebral foramen, pedieles, lamina, spinous 
proeess, and transverse proeesses. 

3. Articular proeesses—there are two of these—superior articular proeess and the inferior 
articular proeess that are used to join one vertebra to another. 

The posterior portion of a thoraeie vertebra looks like a goose with wings arehed forward . The 
posterior portion of a lumbar vertebra looks like a goose with wings horizontaL The spinous proeess 
is the head and neek of a goose and the transverse proeess is the wing of a goose. 

Vertebral eohimn 


Distìnguishing 

Features 


Feature 

Thoraeie 

Lumbar 

Loeation 

Chest 

Lower baek 

Body of vertebra 

Medium-sízed, heart-shaped; 
faeets for ribs 

Largest diameter, thieker, oval-shaped 

Vertebral foramen 

Medium-sized 

Smaller-sized 

Spinous proeess 

Long, slender; points inferiorly 

Broad; flat; blunt 

Transverse proeess 

10 of 12 have faeets for rib 
articulations 

Short; narrower, no articular faeets or 
transverse foramina 




Key to lllustration 



1 . 

Spinous proeess 

4. Transverse proeess 

7. 

Body 

2. 

Lamina 

5. Superior articular faeet 

8. 

Pediele 

3. 

Vertebral foramen 

6. Superior articular proeess 

9. 

Faeet for rib articulation 
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Loeation 



SKELETAL SYSTEM—Axial Skeleton 

Lumbar Versus Thoraeíe Vertebrae—Distinguishing the Differenee I 


s — 

Fun Faet: A hiiman neek has the 
same niimber of vertebrae as a giraffe. 

V_ 




Thoraeie vertebra 


superior view 




HORACIC 



Note: Most—but not all—thoraeie vertebrae have 
an angle that is <90° between the spinous proeess 
and the transverse proeess. Be sure to use all the 
distinguishing features in the table on p. 134. 


Lumbar vertebra 

siiperior view 



1 . 

2 . 

3 . 

4 . 

5 . 


6 ._ 

7 . _ 

8 . _ 

* 9 ._ 

(*found only on thoraeie vertebrae) 
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SKELETAL SVSTEM—Axial Skeleton 

Thoraeie Versus Lumbar Vertebrae—Distinguishíng the Differenee 


Deseription 



loeation 


The vertebral column eontains three different types of vertebrae: eervieal (7), thoraeie (12), and 
lrimbar (5). Eaeh type has its own unique features to distinguish one from another, yet all of the types 
have three basie features in eommon: 

1 . Body— -bears weight and inereases in size as one moves down the vertebral column. 

2. Vertebral areh —structure that eontains a vertebral foramen, pedieles, lamina, spinous 
proeess, and transverse proeesses. 

3. Articular proeesses —there are two of these— superior articular proeess and the inferior 
articular proeess that are used to join one vertebra to another. 

In the posteroTateral view, the thoraeie vertebra looks like a giraffe. The giraffe’s snout is the 
spinous proeess, the giraffe’s ears are the transverse proeesses, and the giraffe’s horns are the 
superior articulating proeesses. The giraffe’s eheek is the inferior articulating proeess. 

In the lateral view, a lumbar vertebra looks like the head of a moose. The moose’s snout is the 
spinous proeess, the moose’s horns are the superior articulating proeesses, and the moose’s bell is 
the inferior articulating proeess. 

Vertebral eoliimn 



Key to lllustration 


1. Body 

4. Transverse proeess 

7. Inferior articular faeet 

2. Superior articular proeess 

5. Spinous proeess 


3. Superior articular faeet 

6. Inferior articular proeess 
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SKELETAL SVSTEM—Axial Skeleton 


Thoraeíe Versus Lumbar Vertebrae—Dístinguishing the Differenee II 



Loeation 



Thoraeie 



Lumbar 



"Thoraeie giraffe" 

In this postero-lateral view, 
the posterior portion of a 
lumbar vertebra looks like 
the head of a giraffe. 




'Lumbering moose" 

In the lateral view, 
the posterior portion of a 
lumbar vertebra looks like 
the head of a moose. 



Intervertebral 

dise 


Thoraeie vertebra 

posterolateral view 


1 . 

2 . 

3 . 

4 . 

5 . 

6 . 
7 . 



Lumbar vertebra 

lateral view 
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SKELETAL SVSTEM—Axial Skeleton 


Sternum and Ribs 


Deseription 


Study Tips 


The sternum is eommonly ealled the breastbone. It is divided into three parts: manubrium, body, and 
xiphoid proeess. The manubrium articulates with the elavieles and the eostal eartilages of the first 
pair of ribs. The body is the largest part and articulates with the ribs through eostal eartilages. The 
xiphoid proeess is the smallest part and does not articulate with another bone. 

There are 12 pairs of ribs. The first seven are ealled true ribs because they direetly attaeh to the 
sterniim through eostal eartilages. The false ribs (8-12) do not direetly attaeh to the sternum. The 
last two ribs (11-12) are ealled “floating” because they have no eonneetion to the sternum. 

Palpate (feel by touch ): 

Sternum: You ean easily feel the middle of the manubrium and body of your sternum. The 
small tip at the end marks the xiphoid proeess. During CPR training, students are instmeted 
to avoid doing eompressions on the xiphoid proeess because it ean break off easily and cause 
serious damage to the liver. 

Ribs: The body of the ribs ean be felt on the lateral surface of the thoraeie eage. 



Key to lllustration 

Rib (R) 

Sterrmm (S) 

R1. Head 

S1. Jugular noteh 

R2. Neek 

S2. Clavicular noteh 

R3. Tubercle 

S3. Manubrium 

R4. Body 

S4. Body 

R5. Sternal end (attaehes 

S5. Xiphoid proeess 

to eostal eartilage) 
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SKELETAL SVSTEM—Axial Skeleton 

Sternum and Ribs 



False 

ribs 


( 8 - 12 ) 



51. 

52. 

53. 

54. 

55. 


Rib (R) 


Rib 

posterior view 


R1. 
R2. 
R3. 
R4. 
R5. 







V Sternum 


y 


Sterniim 

anterior view 


Sternum (S) 
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SKELETAL SVSTEM—Appendicular Skeleton 

Scapula and Clavicle—Visualízing the Bones 


Deseription 


Loeation 


Study Tip 


The scapula is eommonly ealled the shoulder blade. It articulates with the elaviele and the humerus. 
The glenoid eavity ( fossa ) reeeives the head of the humerus and the aeromion proeess articulates 
with the aeromial (lateral) end of the elaviele. The large, flat body of the scapula serves as an attaeh- 
ment for muscles, tendons, and ligaments. 

The elaviele is eommonly ealled the eollarbone. At its sternal ( medial) end it articulates with the 
elavieiilar noteh of the sterniim, while its aeromial ( lateral) end articulates with the aeromion proeess 
of the scapula. 


Scapula—aeromial region (shoiilder) and baek 
Clavicle—superior border of the peetoral region 


To position the elaviele: The more rounded end is the sternal end, and the flatter end is the aeromial 
end. 


Palpate (feel by touch ): 

Clavicle: You ean feel the details of this bone. 

Feel your elaviele, and follow it to its lateral end, the bump that it attaehes to is the aeromion 
proeess. The spine of the scapula ean be felt by gliding your fingers along the baek of the 
shoulder. The body of the scapula eannot be felt because it is eovered by muscle. 



Key to lllustration 


Scapula (S) 

6. Inferior angle 

eiaviele (C) 

1. Aeromion proeess 

7. lnfraspinous fossa 

C1. Aeromial (lateral) end 

2. Coracoid proeess 

8. Medial border 

C2. Sternal (medial) end 

3. Spine of scapula 

9. Supraspinous fossa 


4. Glenoid eavity (fossa) 

10. Superior border 


5. Lateral border 

11. Suprascapular noteh 
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SKELETAL SYSTEM—Appendicular Skeleton 

Scapula and eiaviele—Visualizing the Bones 


9 


8 



Right seapiila 

posterior surface 


Right scapula 

lateral view 
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SKELETAL SVSTEM—Appendicular Skeleton 

■■■■■■■■■■■■■■■■■■■■■■■ 

Humerus 


Deseription 



Loeation 


The humerus is the only bone in the braehial region. The head of the humerus articulates with the 
glenoid eavity in the scapula to form the shoulder joint. At the distal end the troehlea articulates 
with the ulna, while the capitulum articulates with the head of the radius. The oleeranon fossa 
articulates with the oleeranon proeess of the ulna, and the eoronoid fossa articulates with the 
eoronoid proeess of the ulna. 

The distal end of the humerus resembles a hitehhiker’s hand. The thumb is the medial epieondyle. 
The first two fingers adjaeent to the thumb are the troehlea, while the last two fingers are the 
capitulum. The depression in the middle of the palm is the eoronoid fossa. Note that the thumb 
always points medially. 

Braehial region (between shoulder and elbow) 


$tudy Tips 


To distingriish between the two eondyles at the distal end of the humerus: the Troehlea has a more 
Triangular shape, while the Capitulum is simply Curved and not as pointed. 

The oleeranon fossa is a good landmark to identify the posterior view because it is the deepest 
depression on the bone. 

Note that the head of the humerus and medial epieondyle always point medially. This helps to 
distinguish a left humerus from a right humerus. 



1. Greater tubercle 

2. Intertubercular groove 

3. Lesser tubercle 

4. Head 


to lllustration 

5. Deltoíd tuberosity 

6. Ooronoid fossa 

7. Lateral epieondyle 

8. Capitulum 


9. Troehlea 

10. Medial epieondyle 

11. Oleeranon fossa 
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SKELETAL SYSTEM—Appendicular Skeleton 


Humerus 





The distal end of the 
humerus in the anterior 
view looks like the hand 
of a hitehhiker with his 
thumb extended. 



10 


9 




Right humerus 

anterior view 


Right humerus 

posterior view 


1 . 

2 . 

3. 

4. 

5. 

6 . 


7. 

8 . 
9. 

10 . 

11 . 
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SKELETAL SVSTEM—Appendicular Skeleton 

Radius and Ulna—Distinguishing the Differenees 


Deseription 



The radius and the ulna articulate with eaeh other at both their proximal and distal ends. At the 
proximal end, the head of the radius pivots on the radial noteh of the ulna. At the distal end the 
head of the ulna joins the ulnar noteh of the radius. A fibrous sheet of eonneetive tissue eonneets the 
diaphyses of both bones. 

The distal end of the radius articulates with the earpal bones in the wrist. The oleeranon proeess 
of the ulna articulates with the oleeranon fossa of the humerus, while the eoronoid proeess of the 
ulna artieiilates with the eoronoid fossa of the humerus. The head of the radius articulates with the 
capitulum of the humerus. 

The ulna resembles a ereseent wrench. 

The head of the radius resembles a warped hoekey puck. 


loeation 
$tudy Tips 


The radiris and ulna are loeated in the antebraehial region (forearm) 


The proximal end of the ulna has a “U” shaped structure ealled the troehlear noteh that identifies it 
as the Ulna because “U” is the first letter in the word “Ulna.” 

The head of the Radius is Rounded. Use the alliteration, “Rounded Radius’ to distinguish the radius 
from the ulna. 

Notehes and other structures are sometimes named after the bones with which they articulate: 
e.g. —radial noteh of ulna 
—ulnar noteh of radius 


—oleeranon proeess of the ulna hooks into the oleeranon fossa of the humerus 
—eoronoid proeess of the ulna hooks into the eoronoid fossa of the humerus 



Key to llliistration 


Radius 

Ulna 


1. Neek 

5. Ooronoid proeess 

9. Head of ulna 

2. Radíal tuberosity 

6. Oleeranon proeess 

10. Ulnar styloid proeess 

3. Radíal styloíd proeess 

7. Troehlear noteh 

11. Radial noteh of ulna 

4. Ulnar noteh of radius 
(not fully visible in diagram) 

8. Ulnar tuberosity 
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SKELETAL SYSTEM—Appendicular Skeleton 

Radius and lllna—Distinguishing the Differenees 



The head 
of the 
Radius is 
Rounded. 
It looks 
like a 
slightly 
warped 
hoekey 
puck. 


R. Radius 


The troehlear noteh and 
eoronoid proeess form a 
U" shape, identifying 
this bone as the ulna. 



The ulna looks 
like a ereseent 
wrench in the 
lateral view. 


Right ulna 

lateral view 


Right radius and ulna 

anterior view 


Ulna 



Radius 


1 . 


5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 
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SKELETAL SVSTEM—A|>t>endicular Skeleton 


Hand—Conqueríng the Oarpals 


Deseription 


Study Tips 


Eaeh hand eontains a total of 27 bones and is divided into three groups of bones: earpals (8), 
metaearpals (5), and phalanges (14). The earpals are the small bones of the wrist. The palm of the hand 
eontains the metaearpals, and the phalanges are loeated in the fingers or digits. 


The most diffieiilt part of the hand to learn is the earpals. These eight bones are small and eliistered 
together in the wrist. Simplify it by viewing them as two equal rows of bones staeked one on top of 
the other. Eaeh row has four bones in it. The first row is nearer the radiris and ulna. The seeond row 
is next to the metaearpals. Beginning on the thumb side of the first row, the proper order is: 
seaphoid, lunate, triangular, pisiform. Following the same pattern, the proper order for the seeond 
row is: trapezium, trapezoid, eapitate, hamate. 

The hamate (hamatnm, hooked) bone has a hookTike proeess on it ( visible only in the anterior 
vie<w). You ean better reeall this bone beearise the words hamate and hook both begin with the letter 

“h”. 

The thnmb has only two phalanges instead of three. It has a proximal and distal phalanx but laeks 
a middle phalanx. This is the same pattern as the great toe of the foot. 


On many plastie models, the triangular (triquetrum) and pisiform bones are often fused 
together to appear as one bone. This causes some confusion for students. 


Oarpals 

Key to 1 llustration 

Phalanges 

1. Seaphoid 

5. Trapezium 

9. Proximal phalanx 

2. Lunate 

6. Trapezoid 

10. Middle phalanx 

3. Tríangular ( Triquetrum) 

7. Capitate 

11. Distal phalanx 

4. Pisiform 

8. Hamate 
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SKELETAL SYSTEM—Appendicular Skeleton 


Hand—Conquering the Carpals 


Radius 


Right hand 

anterior view 


11 



Color the 
different 
earpals 
different 
eolors. 


Sehematie of the hand 


□ n □ □ 

□ □ □ □ 



Carpals 

(eolor) 

Metaearpals 

(gray) 


Phalanges 

(white) 


Phalanges 


9 

10 

11 



CARPALS 



Metaearpals 


Phalanges 


The earpals should 
be vievved as tvvo rovvs 
of 4 bones eaeh. 

You ean use the 
mnemonie, 

"Sandy 

Left 

The 

Party 

To 

Take 

Cathy 

Home" 


Move aeross the top rovv 
beginning at the thumb 
side. Then, proeeed in 
the same direetion for the 
bottom rovv. 


CARPALS 
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SKELETAL SVSTEM—Appendicular Skeleton 

Pelvís 


Deseription 


The pelvis ( hipbone ) is eomposed of four bones: one sacrum, one coccyx, and a left and right ossa coxae 
(sing. os coxae ). Eaeh os coxae results from the fusion of three separate bones: ilium, ischium, and pubis 
bones. These three meet together in the acetabulum (means “cup ofvinegar”) to form what looks like a 
“peaee sign.” This deep depression is where the head of the femur forms a balhand-'soeket joint with the 
pelvis. The largest of the three os coxae bones is the ilium. The broad surface of this bone is a major 
attaehment for muscles, tendons, and ligaments. The strongest bone is the ischium. A large, rough 
projeetion—the isehial tuberosity—is a major landmark on this bone. It bears the body weight when 
seated. The pubis has the least bone mass and eontains a very large foramen—the obturator foramen. 


Analogy 


The two pubis bones in the anterior aspeet of the pelvis resembles a mask worn by someone. The 
mask itself represents both pubis bones, while the eye hole is the obturator foramen. The middle of 
the mask is the pubic symphysis. 


Loeation 


Pelvie region 


$tudy Tips 


Palpate (feel by touch ): 

The curve along the superior aspeet of your hip is the iliae erest. 

Plaee your hand on your buttock and push inward. The bony bump you feel is the isehial 
tuberosity. 

Good landmarks on a coxal bone: acetabulum and the obturator foramen. The acetabulum 
marks the lateral aspeet, and the obturator foramen marks the anterior aspeet of the bone. 



Key to llliistration 


Os Coxae Bones (B) 

3. Acetabulum 

10. Greater seiatie noteh 

B1. Ilium 

4. Saeroiliae joint 

11. Posterior inferior iliae spine 

B2. Ischium 

5. lliae erest 

12. Posterior superior iliae spine 

B3. Pubis 

6. Pubic erest 

13. Anterior superior iliae spine 


7. isehial tuberosity 

14. Anterior inferior iliae spine 

1. Pubic symphysis 

8. Lesser seiatie noteh 


2. Obturator foramen 

9. isehial spine 
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SKELETAL SYSTEM—Appendicular Skeleton 

Pelvis 


Note: The sacrum and coccyx 
are faded out sinee they are not 
part of the appendicular skeleton 




Male pelvis 

anterior view 


The two pubis 
bones linked 
together look 
like a mask. 



-o 'Acetabulum' means 
"cup of vinegar" 



Right os coxae 

lateral view 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


Os Coxae Bones (B) 9. 

10 . 

B1. 11- 

B2._ 12. 

B3. 13. 

14. 


149 













































SKELETAL SVSTEM—A|>t>endicular Skeleton 


Femur and Patella 


Deseription 


Loeation 


The femur is the longest long bone in the body and is eommonly ealled the thigh bone. The head of 
the femur articulates with the acetabulum of the coxal bone to form the balhand-soeket joint in the 
hip. At the distal end, the patella (kneeeap) eovers the patellar surface. The medial and lateral 
eondyles artierdate with the proximal portion of the tibia to form the knee joint. 

The patella is loosely held in plaee by ligaments. 

Femoral region (between hip and knee) 


Study Tips 


Note that the head of the femur always points medially. This helps to distinguish a left femur from a 
right femur. It also helps to identify the medial eondyle because it is on the same side as the head of 
the humerus. 

To identify the posterior view: linea aspera and intereondylar groove appear only in the posterior 
view. 

To identify the anterior from posterior in patella: The anterior surface is rough and the posterior 
surface is much more smooth. 

LAP = Linea Aspera is Posterior 

For distinguishing the apex from the base of the patella, remember that apex is a general term 
meaning the pointed tip of a structure. 

Palpate (feel by toneh ): 

You ean easily feel your patella. 


Key to lllustration 


Patella 

Femur 


1. Base 

3. Flead 

9. intereondylar groove 

2. Apex 

4. Neek 

10. Medíal eondyle 


5. Greater troehanter 

11. Medíal epieondyle 


6. Lesser troehanter 

12. Lateral eondyle 


7. Lineaaspera 

8. Patellar surface 

13. Lateral epieondyle 


150 











SKELETAL SYSTEM—Appendicular Skeleton 


Femur and Patella 



Right patella 

anterior view 


Patella 


1 . 

2 . 


Femiir 



Right femur Right femur 

anterior view posterior view 


3. 

4. 

5. 

6 . 

7. 

8 . 


9. 

10 . 

11 . 

12 . 

13. 
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SKELETAL SVSTEM—A|>t>endicular Skeleton 


Tibia and Fibula—Distinguishing the Differenees 


Deseription 


The tibia and the fibula are the two bones in the leg between the knee and ankle. The tibia is eom- 
monly ealled the shinbone and is the larger of the two bones. At its proximal srirfaee it articulates 
with the distal end of the femur to form the knee joint. At its distal end, the inferior articular 
surface articulates with the talus in the foot to form the ankle joint. The anterior margin is a ridge 
that runs along the shaft of the bone on the anterior surface. The medial malleolus is a large proeess 
that stabilizes the ankle joint. 

The fibula is the smaller bone. The head of the fibula artieiilates with the proximal end of the 
tibia. The lateral malleolus articulates with the distal end of the tibia and with the talus in the ankle. 


Loeation 


Crural region (between knee and ankle) 


Study Tips 


To distingiiish between the tibia and the fibula: The tibia is the larger of the two bones. 


To distinguish between the two different ends of the fibiila: The lateral malleolus is more tapered 
and triangrilar in shape and is loeated near the ankle; the head of the fibula is more rormded in 
shape and is loeated near the knee. 

Palpate (feel by touch ): 


Touch the large bump on the medial side of your ankle. This is the medial malleolus of the 
tibia. 


Now touch the bony bump on the lateral side of your ankle. This is the lateral malleolus of 
the fibula. 

Feel your patella ( kneeeap ), and slide your hand straight down toward your ankle. The first 
small bump you feel below the knee is the tibial tuberosity of the tibia. The soft spot between 
your knee and the tibial tuberosity is the patellar ligament. 

Feel the long ridge of bone beginning below the tibial tuberosity and mnning down toward the 
ankle. This is the anterior erest of the tibia. 



Key to 1 llustration 


Fibula 

Tibia 


1. Head 

4. Lateral eondyle 

7. Anterior erest 

2. Lateral malleolus 

5. Medial eondyle 

8. Medial malleolus 

3. Inferior artícular surface 

6. Tibial tuberosity 

9. Inferior articular surface 
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SKELETAL SYSTEM—Appendicular Skeleton 


Tíbia and Fibula—Distinguishing the Differenee 


R. 



Right fibula and tibia 

anterior view 


Fibula 


1 . 

2 . 

3. 


Tibia 


4. 

5. 

6 . 

7. 

8 . 
9. 


1» 

































SKELETAL SVSTEM—A|>t>endicular Skeleton 

Foot—Targetíng the Tarsals 


Deseription 


Study Tips 


Eaeh foot eontains a total of 26 bones and is divided into three groups of bones: tarsals (7), 
metatarsals (5), and phalanges (14). The tarsals are the ankle bones. The middle of the foot eontains 
the metatarsals, and the phalanges are loeated in the toes or digits. 

The most difficult part of the foot to learn is the tarsals. These seven bones inehide the talus, eal- 
caneus, navicular, cuboid, and three cuneiform bones. The calcaneus (heel hone) is the largest bone 
in this group. The talus is curved on its siiperior aspeet to articulate with the tibia. Positioned 
between the calcaneus and the metatarsals is the cuboid bone. The navicular lies between the talus 
and eimeiforms. The cuneiform bones are the smallest bones in this group and are identified by their 
position within the foot ( medial, intermediate, and lateral). 


The talus bone articulates with the tibia. It is also the tallest bone when the foot is viewed laterally. 
You ean easily reeall this because the words T alus and Tibia and Tallest all begin with the letter “t.” 

The great toe has only two phalanges instead of three. It has a proximal phalanx and a distal 
phalanx but laeks a middle phalanx. This is the same pattern as the thumb of the hand. 



Key to lllustration 


Tarsals 

4. Medial cuneiform 

Phalanges 

1. Calcaneus 

5. Intermediate cuneiform 

8. Proximal phalanx 

2. Talus 

6. Lateral cuneiform 

9. Middle phalanx 

3. Navicular 

7. Cuboid 

10. Distal phalanx 
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SKELETAL SYSTEM—Appendicular Skeleton 


Foot—Targeting the Tarsals 


Sehematie 
of the foot 



d D D0D 

n □ □ g 



Color the 
different 
tarsals 
different 
eolors. 


Tarsals 
(■ eolor) 


J 


\ 


Metatarsals 

(gray) 

Phalanges 
( white) 



Right foot 

superior view 


C 


C 


N 


0 


The tarsals should be viewed 
as the sehematie diagram above 


You ean use the mnemonie, 


"Ca/ Told Nora, Milk 
Is Like Cream!" 


Metatarsals 


Phalanges 


TARSALS 



8 . 

9. 

10 . 
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ARTICULATION$ 

Typieal Synovial Joint 


Deseription 


Articulations ( joints ) are formed when two or more bones meet. Common examples that quickly 
eome to mind are freely moving joints like the knee and elbow joints. Sutures in the skull are also 
joints but are often overlooked sinee they have no movement assoeiated with them. Joints are 
elassified aeeording to either their structure or their degree of movement. 

The structural elassifieation system has three eategories: 

Fibrous joints—only fibrous eonneetive tissues anehor the joint together 

ex: sutures in the skull 

Cartilaginous joints—only eartilage anehors the joint together 

ex: pubic symphysis 

Synovial joints—structurally complex joints that eontain a variety of tissues/structures such 
as articular eartilage, joint capsule, synovial fluid, and ligaments. 

ex: knee, shoulder, elbow, and hip joints 
Here are the key structures in any synovial joint: 

Articular eartilage—smooth layer of hyaline eartilage that eovers the ends of long bones 

Joint eavity—potential spaee filled with synovial fluid 

Joint capsule—double layered structure that surrounds the joint 

—outer layer = fibrous capsule (dense irregular eonneetive tissue) 

—inner layer = synovial membrane (loose eonneetive tissue) 

Synovial fluid —viscous, oily SLibstanee seereted by eells in the synovial membrane 
Ligaments—bands of fibrous eonneetive tissue that eonneet one bone to another 



Key to 1 llustration 


1. Periosteum 

5. Fibrous capsule 

8. Joint eavity (filled v/ith 

2. Medullary eavity 

6. Synovial membrane 

synovial fluid) 

3. Yellovv marrovv 

7. Joint capsule 

9. Articular eartilage 

4. Ligament 
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ARTICULATIONS 

Typieal Synovial Joint 


1. 

2 . 

3. 

4. 

5. 
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Note: Structure 
is cut. 


/ 

Color the different 
joint structures 
different eolors. 


Typieal Synovial Joint 9 
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MU$CULAR SVSTEM—General Structure and Function 

Basie Structure of Skeletal Muscle 


Deseription 


Analogies 


Loeation 


A whole skeletal muscle is paekaged like a series of tubes within other tubes. A muscle first is sub- 
divided into a bundle of long tubes ealled faseieles. Eaeh faseiele is a bundle of skeletal muscle eells 
or fibers. Eaeh skeletal muscle eell is a bundle of myofibrils. Eaeh myofibril is eomposed primarily of 
two different protein filaments: aetin and myosin. Because of their differenee in size, myosin is ealled 
the thiek filament and aetin is ealled the thin filament. These proteins are part of a repeated unit 
ealled a sareomere, which is the structural and functional unit for miisele eontraetion. The ends of a 
sareomere are defined by the Z-lines, which are made of protein. 

All of these different bundles of tube-'like structures are held together with eonneetive tissue. 
The epimysiiim is a tough, fibroiis, eonneetive tissue that eompletely surrounds the outside of a 
whole muscle. Within the whole muscle, the perimysium fills the spaee between faseieles. 
Surrounding eaeh skeletal muscle eell is another eonneetive tissue ealled the endomysium, which 
mainly serves to bind one skeletal muscle eell to another. 


Three analogies are given for structures at the level of the sareomere. 

1. An aetin or thin filament is eompared to a double-stranded ehain of pearls. Eaeh pearl is 
equivalent to one molecule of aetin. (Note that this analogy does not include the troponin 
and tropomyosin proteins.) 

2. The myosin filament has heads (eross bridges) branehing off from it, which later attaeh to 
aetin during muscle eontraetion. From the lateral view, these heads appear angled like the tail 
feathers in an arrow. 

3. The myosin heads attaeh to aetin and pull on it with a regiilar movement. To visrialize this 
movement, imagine the heads moving like a boat rower J s oars. Unlike the oar movements, 
however, the heads do not all move at the same time. 

All skeletal muscles in the human body (more than 600 in all) 


Function 


Contraction 




Key to lllustration 



1 . 

VVhole muscle (bieeps braehii 

4. Myofibril 

8. 

Myosin heads 


from the illiistration) 

5. Epimysium 

9. 

Myosin ( thiek ) filaments 

2. 

Faseiele 

6. Perimysium 

10. 

Aetin (thin) filaments 

3. 

Skeletal muscle eell (fiber) 

7. Endomysium 

11. 

Z-line 
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MUSCULAR SYSTEM—General $tructure and Function 


Basie Structure of Skeletal Muscle 


Loeation 
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From maeroseopie to mieroseopie, 
the general structure of skeletal 
muscle is like a series of tubes 
within tubes. 


During muscle eontraetion, 
the myosin headgroups attaeh to aetin 
and pull them toward the eenter of the sareomere. 

This causes the sareomere to shorten. The movement 

of myosin headgroups is like 

the motion of oars in a boat. ^ 
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Eaeh aetin (thin) filament is 
like a double-stranded ehain 
of pearls (not including the 
troponin/tropomyosin 
complex). 
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Structure of a sareomere 



The myosin heads are arranged in 
a manner similar to the tail feathers 

in an arrow. 
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MU$CULAR SVSTEM—General Structure and Function 

Sliding Filament Meehanism of Muscle Contraction—Overview 


Deseription 

In the sliding filament meehanism of muscle eontraetion, the stimulus for skeletal muscle eontraetion 
is always a nerve imprilse—no nerve imprilse, no eontraetion. The sareomere is the functional unit of 
muscle eontraetion, and its ends are marked by proteins ealled Z-lines. In the middle are the two 
proteins needed for muscle eontraetion: (1) aetin ( thin ) filaments, and (2) myosin ( thiek ) filaments. 
The myosin filaments have oanlike structures ealled myosin heads that stiek out. Their function is to 
attaeh to and pull on aetin. 

During eontraetion, all the myosin heads pull on aetin together, causing aetin to slide past 
myosin as the aetin is pulled toward the eenter of the sareomere. The end result is that the sareomere 
shortens. This shortening ean be visualized most easily by noting that the Zdines move toward eaeh 
other. Also, note that neither the length of the myosin nor the aetin ehanges during eontraetion. 
The thing that does ehange is the amount of overlap between the myosin and aetin—which inereases. 

As goes the sareomere, so goes the skeletal muscles eells and the whole muscle. When the 
sareomeres eontraet, this causes the skeletal muscle eells to shorten, which shortens the whole 
muscle. 

Relaxation occurs when nerve impulses stop. Then the linkages between the myosin heads and 
the aetin filaments are broken, allowing the aetin to slide past the myosin. This lengthening of the 
sareomere continues until it has returned to its original position. These eyeles of eontraetion and 
relaxation are repeated as needed. 
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MUSCULAR SVSTEM—General $tructure and Function 


Sliding Filament Meehanism of Muscle Contraction—Overview 


Note: Blaek arrows 
indieate the direetion the 
aetin filaments move as 
they slide past myosin. 
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MU$CULAR SVSTEM—General Structure and Function 

Contractíon Cycle 


Deseription 


Analogies 


All muscles ean perform only one major function—eontraetion. At the mieroseopie level, it is the 
sareomeres that shorten or eontraet. This proeess involves sliding aetin filaments past myosin in a 
founstep eontraetion eyele: (1) attaehment, (2) pulling, (3) detaehment, and (4) reaetivation. 

A stepTy^step srimmary of the eontraetion eyele is as follows: 


@ Attaehment: Myosin head attaehes to aetin. 

The regulatory proteins troponin and tropomyosin already have shifted to expose the myosin 
binding sites. 

The products of ATP hydrolysis—ADP and P, are still bound to the myosin head. 

The myosin head attaehes to the aetin moleeLile (peg in a hole analogy ). 

(2) Pulling: Myosin head pulls on aetin. 

The myosin head “eoeks,” which releases ADP and P. 

The myosin moleerile bends, thereby prdling the aetin filament toward the eenter of the 
sareomere. 

This prilling aetion is ealled a power stroke. 

(3) Detaehment: Myosin head releases from aetin. 

As a new ATP molecule enters the eyele and binds to a myosin head, it forees the head to 
detaeh from aetin. 

The linkage between myosin and aetin is broken. 



Reaetivation: Myosin head reenergizes itself for another eyele. 

ATP hydrolysis occurs, producing a net release of free energy, which energizes the myosin 
head by “eoeking” it again. 

The myosin head now is ready to attaeh to aetin, and the eontraetion eyele is repeated. 


Peg in a hole analogy 

The peg fits in the hole. In this ease, the aetin binding site on the myosin head is like the peg and 
the myosin binding site on the aetin molecule is like the hole. In reality, it is a ehemieal bond 
rather than a peg and hole eonneetion that allows the myosin head to bind to aetin. But this 
analogy helps visrialize the linkage formed between myosin and aetin. 

Cotton swab analogy 

Eaeh myosin moleerde is like a doLible^headed eotton swab (<with one end cut off) that is able to 
bend like a hinge in two plaees. 

Rower analogy 

As the myosin heads move throLigh their 4^step eyele, they somewhat resemble the movement of 
oars in a boat. However, they do not move in a synehronized rhythm. 
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MU$CULAR SVSTEM—General $tructure and Function 


Contraction Cycle 


LOCATION 


Troponin 



Tropomyosin 



Myosin binding site 




© - 


Attaehment 


Hinge 1 
Hinge 2 

COTTON SWAB ANALOGY 

A myosin molecule is like a 
double-headed eotton swab 
whose end has been cut off 
and is able to bend 
like a hinge in two plaees 



(ATP hydrolysis 
occurs) 




@ Pulling 



✓ 



(New ATP molecule 
enters the eyele) 


Aetin 
binding 
site 


Color the ATP, 
ADP, and P 
the same 
eolor. 




( 5 ) Detaehment 


ROWER ANALOGY 

During muscle eontraetion the 
myosin headgroups attaeh to aetin 
and pull them toward the eenter of 
the sareomere. This causes the 
sareomere to shorten. This movement 
of the myosin headgroups is rather 
like the motion of oars in a boat. 
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MUSCULAR SYSTEM—General Structure and Function 


Sources of Energy for Muscle Contraction 


Deseription 



ATP is the eommon currency that fuels cellular aetivities and the primary energy moleeiile used by 
all eells. Muscle eontraetion demands enormoris amormts of ATP—even those that last only a few 
seeonds. For example, a eontraeting muscle eell uses about 2 million moleeriles of ATP every seeond! 
Wow! Without a eonstant supply of ATP, miisele eontraetion eeases. This begs the question: Where 
does all of this ATP eome from? 

Here is a srimmary of the four major sources of energy for muscle eontraetion: 

(T) ATP hydrolysis (see p. 42): Muscle eells store a loeal supply of ATP, but it does not provide 
much energy. 

Time allowed for muscle eontraetion: about 5 seeonds. 

Phosphorylation from ereatine phosphate: While ATP is the primary energy molecule used by 
eells, ereatine phosphate (CP) is the seeondary energy moleeiile found only in muscle eells. Cre- 
ating it is a two part proeess. First, the small ehemieal ereatine (C) is produced by various or- 
gans including the liver and is delivered to muscle eells. Then, within the muscle eells, a 
phosphate group is added to C with the help of an enzyme. 

The function of CP is to transfer its phosphate group direetly onto ADP to ereate more 
ATP. In a sense, CP “reeharges” ADP to make more ATP. During the relaxed state, miisele eells 
make excess ATP, which quickly undergoes ATP hydrolysis, supplying a phosphate group to 
transform C into CP. 

In the eontraeting state, the levels of ADP are rising within the muscle eells, so CP transfers 
its phosphate group onto the excess ADP to form more ATP, which ean be used to power more 
muscle eontraetions. But this proeess doesn’t last long. 

Time allowed for eontraetion: about 15 seeonds. 

Fermentaton (see p. 410): Fermentation is the production of two laetie aeid molecules from 
the breakdown of a single glucose molecule when no oxygen is present in the eell. This proeess 
occurs in the eytosol and yields a net gain of 2 ATP. Ghieose is provided by either the blood or 
the breakdown of loeal glyeogen within the miisele tissue. In glyeolysis, a glucose molecule 
normally is eonverted into pyrnvie aeid. When oxygen is present, the pyrrivie aeid enters the 
mitoehondria to begin aerobie respiration. But under eonditions of no oxygen, the pymvie aeid 
is eonverted into laetie aeid instead. 

The buildup of laetie aeid in muscle eells causes soreness. It also presents a problem because 
it makes the loeal pH more aeidie. To solve the problem, this waste product diffuses out of muscle 
eells and is transported into liver eells. Although 2 ATP is not much for eaeh eyele of fermenta^ 
tion, it doribles the time of eontraetion eompared to the previous two meehanisms. 

Time allowed for muscle eontraetion: about 30 seeonds. 

Aerobie respiration (see p. 402): Aerobie respiration is the essential meehanism used to de- 
liver a eonstant supply of ATP for miisele eontraetion. Without it, we eoiildn’t sustain muscle 
eontraetion for long periods of time. In aerobie respiration, oxygen is required to produce more 
ATP throiigh the eitrie aeid eyele and eleetron transport systems inside the mitoehondrion. 
The pyruvic aeid produced in glyeolysis enters the eitrie aeid eyele in the mitoehondrion in- 
stead of getting eonverted into laetie aeid. The gliieose needed for glyeolysis eomes from the 
same sources it did in fermentation. 

In addition to glrieose, energy sources inelride fatty aeids from adipose tissue and amino 
aeids from the breakdown of proteins. Instead of producing only 2 ATP (as in fermentation), 
the new total is about 36 ATP for every ghieose molecule that is broken down. As an example, 
if you plan to mn a marathon, you will be relying on aerobie respiration to fuel all those muscle 
eontraetions for mnning! 

Time allowed for muscle eontraetion: hours. 
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MUSCULAR SYSTEM—General $tructure and Function 

Sources of Energy for Muscle Contraction 
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KEY 

C = Creatine n ^ 

ADP = Adenosine 

CP = Creatine diphosphate 
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MU$CULAR SVSTEM—Skeletal Muscles 

Overvíew—Major Skeletal Muscles 



Key to lllustration 


Faeial Muscles (F) 

Forearm Muscles (FO) 

Baek (B) 

F1. Frontalis 

FOI. Pronator teres 

B1. Latissimus dorsi 

F2. Temporalis 

F02. Braehioradialis 


F3. Platysma 

F03. Flexor earpi radialis 

Pelvis/Thigh (TH) 

F4. Orbicularis oculi 

F04. Palmaris longus 

TH1. Tensor faseiae latae 

F5. Masseter 

F6. Orbicularis oris 

F05. Extensor earpi radialis 
longus 

TH2. Iliopsoas 

TH3. Sartorius 


F06. Flexor earpi ulnaris 

F7. Oeeipitalis 

TH4. Pectineus 


F07. Extensor digitomm 

TH5. Adductor longus 


F08. Extensor earpi ulnaris 

Neek Muscles (N) 


TH6. Graeilis 

N1. Sternohyoid 

Thorax Muscles (T) 

TH7. Rectus femoris 

TH8. Vastus lateralis 

N2. Sternoeleidomastoid 


T1. Peetoralis major 

TH9. Vastus medialis 


T2. Serratus anterior 

TH10. Adductor magnus 

Shoulder Muscles (S) 




TH11. Bieeps femoris 

S1. Trapezius 

Abdominal Muscles (AB) 

TH12. Semitendinosus 

S2. Deltoid 

AB1. Rectus abdominis 

TH13. Semimembranosus 

S3. Infraspinatus 

AB2. External oblique 


S4. Teres minor 

Leg (L) 

AB3. Internal oblique 

S5. Teres major 



AB4. Transverse abdominis 

L1. Fibularis (peroneus) longus 

Arm Muscles (AR) 


L2. Tibialis anterior 

Hip Muscles (H) 

L3. Extensor digitomm longus 

AR1. Trieeps braehii 

H1. Gluteus medius 

L4. Gastrocnemius 

AR2. Bieeps braehii 

H2. Gluteus maximus 

L5. Soleus 

AR3. Braehialis 
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MUSCULAR SVSTEM—Skeletal Muscles 

Overview—Major Skeletal Muscles 


eiaviele 



Faeial Muscles (F) 
Neek Muscles (N) 
Shoulder Muscles (S) 
Arm Muscles (AR) 
Forearm Muscles (FO) 



Thorax Muscles (T) 

Baek Muscles (B) 
Abdominal Muscles (AB) 
Hip Muscles (H) 
Pelvis/Thigh Muscles (TH) 
Leg Muscles (L) 


Oaleaneal 

tendon 


Anterior view 




Color the 
different muscles 
different eolors. 


Posterior view 
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MU$CULAR SVSTEM—Skeletal Muscles 

Muscles of the Faee and Head 


Deseription 


Muscle Name 

Aetion 

1. Frontalis 

Wrinkles skin of forehead, elevates eyebrows; draws sealp anteriorly 

2. Orbicularis oculi 

Depresses upper eyelid, elevates lower eyelid, tightens skin around eyes 

3. Levator labii superioris 

Elevates upper lip 

4. Zygomaticus major 

Retraets and elevates eorner of mouth 

5. Zygomaticus minor 

Retraets and elevates upper lip 

6. Risorius 

Draws eorner of mouth to the side 

7. Platysma 

Depresses mandible, pulls lower lip baek and down (as in pouting) 

8. Orbicularis oris 

Oloses, protrudes, and purses lips (kissing muscle) 

9. Depressor labii inferioris 

Depresses lower lip 

10. Mentalis 

Elevates and protrudes lower lip 

11. Depressor anguli oris 

Depresses eorner of mouth 

12. Buccinator 

Oompresses eheek inward (as in vvhistling) 

13. Corrugator supercilii 

Pulls skin inferiorly and anteriorly; wrinkles brow 

14. Nasalis 

Oompresses bridge, depresses tip of nose; elevates eorners of nostrils 

15. Masseter 

Elevates mandible and eloses jaw 

16. Temporalis 

Elevates and retraets mandible 

17. Corrugator supercilii 

Pulls skin inferiorly and anteriorly; wrinkles brow 
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MUSCULAR SVSTEM—Skeletal Muscle$ 

Muscles of the Faee and Flead 




Color the 
muscles 
ofthe faee 


Note: Platysma cut 
away at mandible. 


1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 
9 . 


10 . 

11 . 

12 . 

13 . 

14 . 

15 . 

16 . 
17 . 
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MU$CULAR SVSTEM—Skeletal Muscles 

Superficial and Deep Muscles of the Neek, Shoulder, Thorax, and Abdomen 


Deseription 


Analogies 


Miisele Name 

Aetion 

Neek (N) 


N1. Platysma 

Depresses mandible; pulls lower lip baek and down (as in pouting) 

N2. Sternoeleidomastoid 

Simultaneous eontraetion of both heads: flexes neek. Individual aetion of eaeh 
head: rotates head to shoulder on opposite side 

Shoulder (S) 


S1. Trapezius 

Extends neek; retraets scapula 

S2. Deltoid 

Flexes, extends, abducts; medially and laterally rotates arm 

Thorax (T) 


T1. Peetoralis major 

Primary muscle of arm flexion; adducts and medially rotates arm; with arm 
fixed, pulls ehest forward (as in a foreed inspiration) 

T2. Peetoralis minor 

Depresses and protraets scapula, elevates ribs 

T3. Serratus anterior 

Abducts and stabilizes scapula 

Abdomen (A) 


A1. External oblique 

Oompresses anterior abdominal wall; flexes trunk; rotates trunk; depresses 
lower ribs 

A2. Internal oblique 

Oompresses anterior abdominal wall; flexes trunk; rotates trunk; depresses 
lower ribs 

A3. Transverse abdominis 

Oompresses anterior abdominal eontents 

A4. Rectus abdominis 

Oompresses anterior abdominal wall; flexes trunk 


In the anterior, sriperfieial view, the anterior portion of the serratus anterior looks like the blade of 

a serrated knife. 


The three abdominal mriseles on the lateral surface of the abdomen— external oblique, intemal oblique, 
and transverse abdominis —are layered on top of eaeh other like a ham sandwich. The internal 
oblique is the ham ( in the middle), and the external oblique and transverse abdominis are the layers 
of bread. 


$tudy Tips 


Mnemonie for the 4 abdominal muscles: u Really? Everything is terrible?” 


Really? 

Rectus abdominis 

Everything 

External oblique 

Is 

Internal oblique 

Terrible? 

Transverse abdominis 


Rectus means straight —this indieates the miisele fiber direetion. 

Imagine you have your hands in your front poekets. Your fingers follow the fiber direetion of the ex^ 
ternal oblique muscle. 
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MUSCULAR SVSTEM—Skeletal Muscles 


Superficial and Deep Muscles of the Neek, Shoulder, Thorax, and Abdomen 




Peetoralis 
major is a 

fan-shaped 
muscle. 


eiaviele 


Humerus 


Trieeps 

braehii 





Bieeps 

braehii 


Superficially, 
the anterior 
portion of the 
Serratus 
anterior 
looks like 
the blade of 
a serrated 
knife. 


lliae 

erest 


Tensor 

faseiae 

latae 


Sartorius 


lliopsoas 


Adductor 
longus 

Pectineus 



Color the muscles in eaeh regional 
area — neek, shoulder, thorax, abdomen■ 
with different eolors. 


The lateral 
abdominal 
muscles (A1-A3) 
are layered on 
top of eaeh other 
like a sandwich. 
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MU$CULAR SVSTEM—Arm 

Superficial Muscles of the Arm, Anterior and Posterior Views 


Deseription 


Muscle Name 

Aetion 

1 . 

Coracobrachialís 

Flexion and abduction of arm/shoulder 

2a. 

Bíeeps braehií, short head 

Flexes and supinates forearm (turns the eorkserevv and pulls 
out the eork) 

2b. 

Bieeps braehii, long head 

Flexes and supinates forearm 

3a. 

Trieeps braehii, long head 

Extends forearm; stabilizes shoulder joint 

3b. 

Trieeps braehii, medial head 

Extends forearm 

3c. 

Trieeps braehii, lateral head 

Extends forearm 

4. 

Braehialis 

Flexes forearm 

5. 

Pronator teres 

Flexes forearm; pronates forearm 

6. 

Braehioradialis 

Flexes forearm 

7. 

Flexor earpi radialis 

Flexes wrist; abducts hand 

8. 

Palmaris longus 

Weak wrist flexor 

9. 

Flexor earpi ulnaris 

Flexes and adducts hand 

10. 

Anconeus 

Adducts ulna during forearm rotation; weak forearm extensor 

11. 

Braehioradialis 

Flexes forearm 

12. 

Extensor earpi radialis longus 

Extends wrist; abducts hand 

13. 

Flexor earpi ulnaris 

Flexes and abducts hand 

14. 

Extensor earpi ulnaris 

Extends and adducts hand 

15. 

Extensor digitomm 

Extends hand, extends digits 2-5 


Study Tips 


Most muscles that aet as flexors are best seen in the anterior view of the upper limb, and muscles 
that aet as extensors are best seen on the posterior view of the upper limb. 

In the anterior view, use the braehioradialis as a landmark in the forearm. It is the widest muscle on 
the lateral surface and inserts on the styloid proeess of the radius. Medially from the braehioradialis, 
use the mnemonie “Foolish People Follow” for the following mriseles: Flexor earpi radialis, Palmaris 
longus, and Flexor earpi ulnaris. 

In the posterior view, use the extensor digitorum muscle as a landmark for the forearm. To eorreetly 
identify it, find the four tendons anehoring to the phalanges in all the fingers except the thumb. All 
these tendons are assoeiated with this muscle. Then, use the mnemonie “Eat Food, Except Broeeoli” 
to leam the adjaeent muscles in the forearm. Laterally ffom the extensor digitorum is the first part of 
the phrase, “Eat Food,” for the Extensor earpi iilnaris and Flexor earpi iilnaris. Medially from the 
extensor digitomm is the last part of the phrase, “Except Broeeoli” for the Extensor earpi radialis 
longus and the Braehioradialis. 

The PALMaris bngus muscle anehors direetly into the middle of the PALM. 
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MUSCULAR SYSTEM—Arm 


Superficial Muscles of the Arm, Anterior and Posterior Views 


Head of 
humerus 


Braehioradialis 

muscle is a good 
landmark because 
it is relatively 
wide. 


Flexor 
retinaculum 


Coracoid 

proeess of scapula 



Head of 
humerus 


C 


From 

extensor 

digitomm 

toward 
5th digit: 

Eat 

Food,... 


/ 


3a 


7 


\ 


4 




J 


Extensor earpi ulnaris 
E1exor earpi ulnaris 


13 


/ 


Medially 
from the 

braehioradialis: 

Foolish 

People 

Follow! 

4 

Flexor earpi radialis 
Falmaris longus 
Flexor earpi ulnaris 


14 


15 


Tendons of the 
extensor 
digitomm 

muscle. This 
is a good 
landmark 
because these 
four tendons 
make the muscle 
easy to loeate. 


(r. 


3c 


Oleeranon proeess 
of ulna 


11 


From 

extensor 

digitomm 

toward thumb 

...Except 

Broeeoli!" 


4 


Extensor earpi 
radialis longus 

fíraehioradialis 


Extensor 

retinaculum 


r 

r 


/. 4 . 




ÍL 



Right arm 

anterior view 


s. 


Right arm 

posterior view 
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MU$CULAR SYSTEM—Leg 

Muscles of the Thigh, Anterior and Posterior Views 


Deseription 


Muscle Name 

Aetion 

1. Psoas major 

Flexes thigh or flexes trunk on thigh (as in during a bow)\ also effeets 
lateral flexion of vertebral column 

2. Iliacus 

Flexes thigh or flexes trunk on thigh (as in during a bow) 

3. Tensor faseiae latae 

Abducts, flexes, and medially rotates thigh 

4. Sartorius 

Flexes and laterally rotates thigh, flexes knee 

5. Pectineus 

Adducts, flexes, and medially rotates thigh 

6. Adductor longus 

Adducts, flexes, and laterally rotates thigh 

7. Adductor magnus 

Anterior part flexes and medially rotates thigh; posterior part extends and 
laterally rotates thigh 

8. Graeilis 

Adducts hip and flexes leg 

9. Rectus femoris 

Extends knee and flexes thigh at hip 

10. Vastus lateralis 

Extends leg at knee 

11. Vastus intermedius 

Extends leg at knee 

12. Vastus medialis 

Extends leg at knee 

13. Gluteus medius 

Abducts and medially rotates hip 

14. Gluteus maximus 

Extends and laterally rotates hip 

15. Graeilis 

Adducts hip and flexes leg 

16. Semimembranosus 

Extends thigh; flexes knee; medially rotates leg 

17. Semitendinosus 

Extends hip and flexes knee 

18. Bieeps femoris 

Long head = extends hip and flexes knee 

Short head = flexes knee 


$tudy Tips 


The sartoriiis muscle looks like a sash 

The quadriceps femoris is a group of four muscles on the anterior thigh: 
rectus femoris (name indieates loeation—femoral region) 
vastus lateralis (name indieates beation —on lateral aspeet ofthigh) 
vastus medialis (name indieates loeation —on medial aspeet of thigh) 
vastus intermedhis (loeated deep and intermediate to vastus lateralis and vastus medialis) 

The hamstrings are a group of three muscles of the posterior thigh: 

Bieeps femoris (is loeated by itself on the lateral aspeet ofthe thigh) 

Semimembranosris (is the most medial ofall the hamstring muscles) 

Semitendinosus (is the hamstring muscle with the bngest tendon) 
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MU$CULAR SYSTEM—Leg 


Muscles of the Thigh, Anteríor and Posterior Views 


lliopsoas 


lnguinal 

ligament 


Quadriceps 
femoris 
( 9 - 12 ) 


Patella 




4 The Sartorius 

muscle looks like 
a Sash. 


"The two 
SEMIS 

go together" 
(semimembranosus 
and semitendinosus) 


SemiMembranosus 

is the Most 
Medial of all the 
hamstring 17 

muscles. 

SemiTENDINosus 

has the longest 
tendon 
of all the 
hamstring 
muscles. 


Iliae erest 




Hamstrings 
( 16 - 18 ) 


lliotibial 

traet 


18 
(long 
head) 

18 

(short 

head) 


18 Bleeps 
femoris 

is the 
only 

hamstring 

muscle 

BY 

itself 

on the 

lateral 

aspeet 

of the 

thigh. 



Muscles of right thigh 

anterior view 



Muscles of right thigh 

posterior view 
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MU$CULAR SYSTEM—Leg 

Superficial Muscles that Move the Ankle, Foot, and Toes, Anterior and Posterior Views 


Deseription 


$tudy Tips 


Miisele Name 

Aetion 

1. Tibialis anterior 

Dorsiflexes and inverts foot 

2. Extensor digitorum longus 

Dorsiflexes, everts foot, and extends digits 2-5 

3. Fibularis (peroneus) longus 

Plantar flexes and everts foot 

4. Soleus 

Plantar flexes foot 

5. Gastrocnemius 

Flexes knee and plantar flexes foot 

6. Extensor hallicus longus 

Extends great toe; dorsiflexes ankle; everts foot 

7. Plantaris 

Plantar flexion of foot 


In the anterior view, use the tibia as a landmark to learn muscles in a sequence either medially or 
laterally from the tibia. Use the following mnemonie: Take Ethan Fishing: Sounds Qood! The first 
part of the phrase, Take Ethan Fishing, gives the sequence of miiseles laterally from the tibia 
(Tibialis anterior, Extensor digitomm longus, Fibiilaris longus). The seeond part of the phrase, 
Sounds Qood, gives the sequence medially from the tibia (Soleus, Qastrocnemius). 

To doLible-eheek that you have identified the muscles eorreetly, use the extensor digitomm longus 
muscle as a landmark. To loeate it, find the four tendons anehoring to the phalanges in all the toes 
except the great toe. Follow these tendons up into this muscle to eorreetly identify it. 

The fibularis longus has a long tendon that inserts into the 5th metatarsal. This tendon loops aronnd 
the lateral malleolns of the fibula, which makes it easy to loeate. 

The soleus (solens = fish) is so named because it looks like a flat fish. It is loeated deep to the 
gastrocnemius like a flat fish would rest deep on the bottom of a body of water. 
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MU$CULAR SYSTEM—Leg 


Superficial Muscles that Move the Ankle, Foot, and Toes, Anterior and Posterior Views 


Laterally from the tibia: 

Take Tibialis anterior 

Ethan 4 Extensor digitomm longus 


Fishing: 


Fibularis longus 



Superior 
extensor 
retinaculum 

Lateral 
malleolus 
of fibula 

Inferior 
extensor 
retinaculum 


Patella 

Patellar tendon 

Tibial tuberosity 
Tibia 

(j good landmark) 


Medially from tibia 

Sounds 

Good! 


* 


Soleus 

Gastrocnemius 


Medial 
malleolus 
of tibia 



Right leg 

anterior view 


Tendons of the 
Extensor 
digitomm longus 

muscle. This is a good 
landmark muscle because 
these four tendons on its 
insertion point make it 
easy to loeate. 




5 (Medial head) 


5 (Lateral head) 


( Gastrocnemius— 
cut and removed) 


Calcaneal 

tendon 



Calcaneous 



Right leg 

posterior view 


The soleus 

muscle is 

named 

because it 

looks 

like a 

sole 

flatfish. 


* 



O 
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MU$CULAR SVSTEM 

Superficial and Deep Muscles of the Neek, Shoulder, Baek, and Gluteal Region 


Deseription 


Study Tips 


Muscle Name 

Aetion 

1. Stemoeleidomastoid 

Simultaneous eontraetion of both heads: flexes neek forward. Individual 
aetion of eaeh head: rotates head to shoulder on opposite side 

2. Trapezius 

Elevates, retraets, depresses, or rotates scapula upward; elevates 
elaviele; extends neek 

3. Deltoid 

Flexes, extends, abducts; medial and laterally rotates arm 

4. Infraspinatus* 

Abducts and laterally rotates arm 

5. Teres minor* 

Adducts, extends, and laterally rotates arm 

6. Teres major 

Extends, medially rotates, and adducts arm 

7. Latissimus dorsi 

Extends, adducts, and medially rotates arm 

8. External oblique 

Compresses anterior abdominal wall; flexes trunk; rotates trunk; 
depresses lower ribs 

9. Gluteus medius 

Abducts and medially rotates hip 

10. Gluteus maximus 

Extends and laterally rotates hip 

11. Semispinalis eapitis 

Extends head and rotates to opposite side 

12. Splenius eapitis 

Extends and hyperextends the head 

13. Levator scapulae 

Raises scapula and draws it medially; with scapula fixed, flexes neek to 
same side 

14. Rhomboid minor 

Retraets, adducts, and stabilizes the scapula 

15. Rhomboid major 

Adducts, retraets, elevates, and rotates scapula; stabilizes scapula 

16. Supraspinatus* 

Abducts arm; stabilizes shoulder joint 

17. Serratus anterior 

Abducts and stabilizes scapula 

18. Serratus posterior inferior 

Depresses last four ribs 

19. Internal oblique 

Compresses anterior abdominal wall; flexes trunk; rotates trunk; 
depresses lower ribs 


*fíotator cuff muscles: supraspinatus, infraspinatus, teres minor, and subscapularis. The only one of 
these muscles not shown in either the table or the illustration is the subscapularis. 


The rotator cuff = the “SITS” muscle group. 

S Supraspinatus 
I Infraspinatus 
T Teres MINOR 
S Subscapularis 


A pro baseball piteher injured his rotator cuff, so now he SITS down in the MINOR leagues (minor irv 
dieates teres minor instead of teres major) 
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MU$CULAR SVSTEM 

Superficial and Deep Muscles of the Neek, Shoulder, Baek, and Gluteal Region 
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NERVOIIS SYSTEM 


Overvíew of Functions 

Deseription 


Organization 


This module provides an overview of the nervous system. Along with the endoerine system, the 
nervous system is one of the important regulators of the body. The nervous system helps maintain 
our internal stable states. For example, by sensing ehanges in blood pressure or body temperature, 
it ean trigger the appropriate responses to keep our vital frmetions mnning smoothly. Without the 
nervous system, we literally would be diseonneeted from our inner and outer worlds. Imagine not 
being able to sense anything—no sights, no sounds, no smells! What if all 600+ muscles in your 
body were paralyzed? They would be unable to move because you would have nothing to stimiilate 
them to eontraet. This will give you an appreeiation of the importanee of the nervmis system. 

To ilhistrate further, eonsider how much nervous system aetivity is involved in the seemingly 
simple aet of getting your morning cup of eoffee. All the sights, sounds, smells, and tastes of the 
eoffee must be deteeted by various sensory reeeptors. These reeeptors are eonneeted to sensory 
nerves that earry the information to the brain like data along a computer eable. All this information 
must be routed to the eorreet interpretation eenter in the eerebmm of the brain. When you deeide to 
take that first sip, you need to eontraet your bieeps braehii to bring the cup to your mouth. This is 
motor output that begins as a nerve impulse in the brain, mns down the spinal eord, and is earried by 
a motor nerve to the muscle. In srimmary, without the nervmis system, no sensory input would go to 
the brain and no motor output to muscles or glands. 


The nervous system ean be divided into two major divisions: eentral nervous system (CNS), and the 
peripheral nervous system (PNS). Here is a brief srimmary of eaeh: 

Central nervous system (CNS): eonsists of the brain and spinal eord. 

Peripheral nervous system (PNS): eonsists of all the sensory nerves and motor nerves that 
travel through the body like eleetrieal wiring in a house; more broadly, any nerve tissue outside 
the CNS. 
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NERVOtlS SVSTEM 


Overview of Functions 


THOIIGHTS, MEMORIES: 


10W 

Your brain ean remember 


eoffee looks, smells, and tastes. 
In addition, it ean make 
assoeiations with 
other memories, 
such as that 
trip you 
took where 
you had 
your best 
cup of 
eoffee ever! 


o 


o 






nv 




—-v J 


Mmmm ... eoffee 
the elixir of life! 




''t/i 


SIGHT: The visual image of the eoffee cup 
must be deteeted by neurons in the eye, 
causing nerve impulses to travel along the 
optie nerves to the baek of the brain, 
where the image is interpreted. 



The aroma of the eoffee must 
be deteeted by sensory reeeptors 
in the olfaetory organ. This triggers 
nerve impulses to be generated 
and sent along a sensory nerve to 
be interpreted in the brain as a 
eoffee smell. 


Spinal 

eord 


r 


Motor 

nerve 


of eoffee is deteeted 
by speeial reeeptors 
within the taste buds of 
the tongue. This 
information is earried 
along sensory nerves 
and interpreted 
in the brain. 


» < 4 k f » 


Aromatie 

molecules 


\ ^ 4 4 4 4 4 

\ ** * 4 

\ 4 'N k* 4 




Note: 

Gray 

arrows 

show 

direetion 

of sensory 

input; 

eolored 

arrows 

show 

direetion 

of 

motor 

output. 




Bieeps 

braehii 


Sensory nerve 


MOVEMENT: The conscious movement of 
all skeletal muscles in the body requires stimulation 
from motor nerves. For example, the aetion of lifting 
the eoffee cup to your lips requires eontraetion of the 
bieeps braehii muscle. This begins as a conscious 
thought in the eerebmm. Next, a nerve impulse travels 
down the spinal eord and out through a motor nerve, 
stimulating the muscle to eontraet. 


))i 



Sensing the eoffee cup's smooth 


handle requires stimulation of taetile 
reeeptors in the skin. They cause a 
nerve impulse to be sent along 
sensory nerves, up the spinal eord 
and to the brain, where the sensation 
is interpreted. 


✓ 


Color the sensory and 
motor nerves 
different eolors. 
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NERVOIJS SVSTEM—Nervoiis Tissue and lnrapulse Conduction 

General Oell Types 


Deseription 


Loeation 


Function 


There are many different structural types of neurons. For the sake of eomparison, we will examine 
only three different types: unipolar, bipolar, and multipolar neurons. They are named after the 
number of long cellular proeesses ( dendrite, axon) that braneh off the eell body. A unipolar neuron 
has one proeess that branehes into a dendrite and an axon. A bipolar neuron has two proeesses—one 
dendrite, one axon. A miiltipolar neuron has many dendrites and one axon. 

Every neuron has three basie parts: a dendrite(s), a eell body, and an axon. A neuron may have 
more than one dendrite but only one axon. At the end of the axon is the synaptie knob. Here there 
is a small spaee ealled a synapse that eonneets the neuron to a muscle or a gland or another neuron. 

Nerve impulses travel in a one-way direetion. The dendrite is a sensory reeeptor that reeeives 
various types of stimuli. It is where the nervous impulse is generated. From here, the impiilse travels 
into the eell body, then along the axon to the end of the synaptie knob. The synaptie knob produces 
and releases a ehemieal ealled a neurotransmitter. This ehemieal messenger diffuses aeross the 
synapse and binds to a reeeptor in the muscle eell, glandiilar eell, or neuron to which it is eonneeted. 
Onee the neurotransmitter binds to its reeeptor it induces a response. For example, it may stimrilate 
muscle to eontraet or cause eells in a gland to release a hormone or stimiilate a neuron to fire and 
generate a nervous impulse. 

Unipolar neurons— ex: sensory neurons of the peripheral nervous system 
Bipolar neurons— ex: photoreeeptors in the retina of the eye 

Multipolar neurons— ex: most eommon type of neuron in the brain and spinal eord; motor neurons 
in the peripheral nervous system 

All neurons conduct nerve impulses. 




Key to lllustration 

1. IJnipolar neuron 

D 

= Dendrite 

2. Bipolar neuron 

C 

= Cell body 

3. Multipolar neuron 

A 

= Axon 


SK 

= Synaptie knobs 


188 





















NERVOIIS SYSTEM—Nervous Tissue and lmpulse Conduction 

General Oell Types 



Color all the dendrites 
one eolor and the 
synaptie knobs a 
different eolor. 


Stimulus 


Stimulus 


Stimulus 


Note: 

Arrows 
indieate 
direetion 
of impulse 
conduction. 



1 . 


2 . 


3. 


D = 

C = 
A = 
SK = 
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NERVOIIS SYSTEM—Nervous Tissue and lmpulse Conduction 

Multipolar Neuron and Myelination 


Deseription 



Loeation 


A multipolar neuron is one type of neuron. It has many proeesses ealled dendrites, which respond to 
stimuli. The soma (eell body) is the regional area that includes the nucleus, eytoplasm, and various 
organelles. The rough endoplasmie reticulum is found in large elristers ealled Nissl bodies. The eell 
body tapers off into a funnehshaped structure ealled the axon hilloek, which beeomes the axon. 
Nervous impulses are conducted along the length of the axon. The axon ends in the synaptie knob. 

Axons ean be either myelinated or immyelinated. In the proeess of myelination, the axon is 
wrapped in a sheath of lipid and protein that insiilates the nervous imprilse and speeds impulse 
conduction. This proeess begins in the fetus and continues into late adoleseenee. In the eentral 
nervous system (CNS) eells ealled oligodendroeytes are responsible for the myelination proeess. In 
the peripheral nervous system (PNS), neurolemmocytes (Schwann eells) perform this task by wrap^ 
ping themselves around the axon many times. These layers of plasma ( eell) membrane constitute the 
myelin sheath. During this proeess, the nucleus and other organelles are pushed to the outer surface 
of the neurolemmocyte (Schwann eell). This outer layer is ealled the neurilemma. Segments of 
unwrapped axon between nerirolemmoeytes (Schwann eells) are ealled nodes of Ranvier. 

Eaeh neuron has only one axon. The axon is like an eleetrieal eord. The axon conducts a nervous 
impulse like the eopper wires in the eord conduct eleetrieity. The myelin sheath serves to insiilate the 
axon like the plastie easing arormd the eleetrieal eord. 

Multipolar neurons are the most eommon type of neuron in the brain and spinal eord but also occur 
as motor neurons in the peripheral nervous system. 


Function 


All neurons conduct nerve impiilses. 



Key to lllustration 


1. Dendrite 

5. Axon hilloek 

9. Nucleus of neurolemmocyte 

2. Soma (eell body) 

6. Axon 

(Sehvvann eell) 

3. Nucleus of neuron 

7. Neurolemmocyte 

10. Neurilemma 

4. Nissl bodies 

(Sehvvann eell) 

11. Endoneurium 


8. Nodes of Ranvier 

12. Synaptie knobs 
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Myelination 


Myelin 

sheath 
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Axon 
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NERVOIJS SVSTEM—Nervous Tissue and lmpulse Conduction 


Multipolar Neuron and Myelination 



4** * O 




* à 


• à 


\ 


• * * * .♦ 
* « • « « * 


1 


9 


6 







tf 




Note: Arrows indieate 
direetion of nervous 
impulse. 


8 


Á 


Note: Arrows indieate direetion 
of flow of eleetrieity. 


The axon of a neuron is like the 
eopper wires in an eleetrieal eord 
It conducts an eleetrieal impulse 
along its length. 


The myelin sheath is like the 
plastie easing around an 
eleetrieal eord. It insulates 
the eleetrieal impusle. 
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NERVOIJS SYSTEM—Nervous Tissue and lm|>ulse Conduction 

Neuron Structure and lmpulse Conduction—Overview 


Deseription 


Your body has more than 600 skeletal muscles, which eompose most of your body mass. More than 45 
miles of nerves are “wired” through your body like eleetrieal wiring in a house. Eaeh nerve is a eollee^ 
tion of neurons, or nerve eells. Motor neurons eonneet to muscle tissue to stirrmlate it to eontraet. 

Neurons are the fundamental eells in nervous tissue. Though they are of various types, they all 
share eertain features. Surrounding the nucleus of every neuron is a region ealled the eell body, 
where most of the organelles are found. This is the metabolie eenter of the eell. Branehing out from 
the eelHike tentaeles from an oetopiis are two types of proeesses—dendrites or axons. As a rule, eaeh 
neuron has only one axon per eell but may have one or more dendrites. 

The neuron in the illustration is ealled a rrmltipolar (multi — many) neuron because it has many 
dendrites branehing out of the eell body. The dendrites aet as the sensory reeeptors of the eell, and 
the axon conducts the nerve impulse along the length of the eell like eopper wires in an eleetrieal 
eord. The doorknob-like structures ealled synaptie knobs loeated at the end of the eell eontain 
ehemieal messengers ealled neurotransmitters. Any time a neuron is stirmilated, it conducts a nerve 
impiilse along its axon and usually responds by releasing neurotransmitters. 

Nerve impulses flow through a neuron in a one-way direetion: 

dendrite —► eell body —► axon —► synaptie knobs 


First, a stimulus must arrive at the dendrite. The type of stimulus needed to cause a response 
depends on the type of neuron. For example, neurons in the retina of the eye respond to light as a 
stimulus. When dendrites deteet a stimulus, it triggers a signal to be sent to the eell body, then along 
the axon, and finally to the synaptie knobs. 


Neurons 
Connect 
To ... 


Neurons ean eonneet to three different things: (1) other neurons, (2) glands, and (3) muscles. Let’s 
look at eaeh, in turn. In the nervous system, neurons eonneet to other neurons like paper dolls in 
a ehain. When this occurs, the orientation of one eell to another always follows a predietable “head 
to tail”-type pattern. More speeifieally, the synaptie knobs (“tail”) of the first eell always eonneet to 
the dendrites (“head”) of the seeond eell. The neiirotransmitters move between the two eells in a 
speeialized junction ealled the synapse. For example, your brain is eomposed of billions of neurons 
that eonneet to eaeh other. 

Sometimes neurons eonneet to an endoerine gland to stimulate the release of other ehemieal 
messengers ealled hormones. For example, neurons are wired to your adrenal glands, loeated on top 
of your kidneys. As part of a normal response ealled the fight-or-flight response, neiirotransmitters 
stimrilate hormone-prodLieing eells within the gland to seerete epinephrine, or adrenaline . It travels 
through the blood to speeifie target organs in the body. As one example, epinephrine targets the 
heart, resulting in an inerease in heart rate, which may be needed to help you flee a dangerous 
situation. 

Last, neurons that eonneet to muscle tissue (skeletal, eardiae, and smooth) are ealled motor 
neurons. Aeetyleholine (ACh) is the name of the neurotransmitter released by motor neurons that 
stimulates all the skeletal muscles in yoLir body to eontraet. As ACh is released, it erosses a synapse 
and doeks with reeeptors in the skeletal muscle eells to induce a response—eontraetion! 
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NERVOIIS SYSTEM—Nervous Tissue and lmpulse Conduction 


Neuron Structure and lmpulse Conduction—Overvíew 


NEIIRON: 

FUNCTIONAL 

OVERVIEW 


■ 01 o I * m 

V 


Dendrite 


Arrows indieate 
direetion 
offlow of 
eleetrieity. 


Nucleus 




The axon of a neuron is like the 
eopper wires in an eleetrieal eord 
It conducts an eleetrieal current 
along its length. 


Synaptie 

knobs 





Neuron 
stimulated at 
a dendrite 


NEURONS 
CONNECT 
TO ... 


\ 


Cell 

body 


Axon 




Neurotransmitters 


R 


_ ^ 

■I ] j i ijV/a 

r 


Information flows through a neuron 
in a one-way direetion—from dendrite 
to eell body to axon to synaptie knobs. 


Neuron 

releases 

neurotransmitters 

KEY 


Stimulus 


Response 




Neurotransmitters 


Synapse 



• • 



Neurotransmitters 





Hormone 


o 



o o 


o 





Synapse 


Skeletal 

muscle 



/ 


Color the neurons, 


Muscle 

eontraets! 
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NERVOIJS SYSTEM—Nervous Tissue and lmpulse Conduction 

Nerve lmpulse Conduction: Overview 


Deseription 


Aetion potentials ( nerve impulses ) travel at great speeds along the long, slender axons of neurons. Like 
waves of eleetrie current, they always move in a one-way direetion from the eell body toward the synaptie 
knobs. Their purpose is to send a signal to other neurons, rrmseles, or glands. The axon is like a long eylin- 
der of plasma membrane that separates the intracellular fluid (ICF) from the extracellular fluid (ECF). 

The ehemieal eomposition of these two fluids differs in several ways. For example, the ECF has a 
greater eoneentration of sodhim ions (Na + ) while the ICF has a greater eoneentration of potassmm ions 
(K + ). Within the axon’s plasma membrane are voltage^gated (V-G) ion ehannels. These proteins may be 
in one of two states— open or elosed. They are triggered to open and elose by a rapid ehange in membrane 
potential (voltage). Let’s examine two different V-G ehannels: Na + ehannels and K + ehannels. Think of 
them like floodgates in a dam. When opened, they allow many ions to pass through the plasma merm 
brane. V^G Na + ehannels only allow Na + to diffuse into the axon, while V-G K + ehannels only allow 
K + to diffuse out of the axon. 

Conducting a nerve impiilse involves three key steps: (1) Resting potential, (2) Depolarization , and (3) 
Repolarization. Let’s look at eaeh step. 


(J) Resting ( membrane ) potential: the state ofthe nenron when it is NOT conducting a nerve impnlse . 


Resting potentials are also ealled membrane potentials (see p. 56). When a neuron is not conduct- 
ing a nerve impiilse, it is in this state. All living eell membranes are polarized. Just as a battery has a 
positive ( + ) end and a negative ( — ) end, the same is true for a eell membrane. The outside surface 
of the membrane is positive ( + ) and the inner surface is negative ( —). Just as a battery stores a 
small voltage, the membrane also stores a voltage—normally about - 70 mV. This ean be measured 
with a voltmeter that has one eleetrode in the ECF and the other in the ICF. This voltage is a type 
of potential energy that ean used to conduct a nerve impulse. This potential energy eomes from two 
ion gradients: (1) Na + gradient and the (2) K + gradient. These gradients are maintained by a 
protein pump not shown in the illustration ealled the Na + dK + pump (see p. 58). 


Aetion potential: the state of the axon when it is eondneting a nerve impulse. 



Depolarization 


In order to conduct a nerve impulse, a threshold stimulus must arrive at the neuron. The stimulus is 
unique to the neuron in question. For example, a photoreeeptor at the baek of the retina would be 
responsive only to photons of light. Onee this threshold is reaehed, it leads to the opening of V-G 
Na + ehannels in the first segment of the axon. This causes a sudden influx of Na + resulting in a 
depolarization. This rapid shift of positive eharges inside the axon reverses the normal polarity of the 
plasma membrane. In other words, the inside beeomes more positive with respeet to the outside. 
This sudden ehange in potential triggers the next segment of the axon to open its V-G Na + ehan- 
nels and a ehain reaetion ensues. Like a tidal wave, depolarization moves forward along eaeh 
segment of the axon. 



Repolarization 


In the wake of the depolarization “tidal wave,” a repolarization occurs. The ehange in potential from 
the depolarization triggers V-G K + ehannels to open and K + diffuses out of the axon. This rapid 
outflux of positive eharge helps flip the polarity almost baek to what it used to be in the resting 
potential. 

After repolarization, more K + diffuses out of the axon through other speeial membrane proteins 
ealled leakage ehannels to re-establish the original resting potential. These proteins are passive 
ehannels that do not open and elose. After a short resting period ealled a refraetory period, the 
neuron is onee again ready to conduct another nerve impulse. Lastly, the excess Na + in the ICF is 
primped out of the axon by the Na + -K + pump (see p. 58). 

The eyele then repeats itself: resting potential, depolarization , repolarization. And on and on it goes! 
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NERVOIIS SYSTEM—Nen/ous Tissue and lm|>ulse Conduction 


Nerve lmpulse Conduction: Overvíew 


LINMYELINATED 

NELIRON 



Direetion of 
aetion potential 

(nerve impulse) 


The aetion potential is like 
a wave of eleetrie 
current moving 
along the 
axon 




Plasma 
membrane 


Dendrite 


V-G ehannels 
are 
loeated 
in the 
plasma membrane 



Synaptie 

knobs 


Skeletal 

muscle 

eell 


Seetion of axon 
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NERVOIJS SYSTEM—Nervous Tissue and lmpulse Conduction 

Nerve lmpulse Conduction: Continuous Conduction 


Deseription 

Like an eleetrie current travels through the eopper wires in an eleetrieal eord, nerve impiilses travel 
along axons. The two general types of impiilse conduction are: (1) continuous conduction, and (2) 
saltatory conduction (see p. 198). This module explains continuous conduction, which has the 
following key features: 

Occurs only in unmyelinated neurons. 

Is slower than saltatory conduction (about 2 m/see). 

Speed is determined mainly by myelination and diameter of the axon. Some axons are thiek, and 
others are thin. The general rule is: “thieker is quicker.” Therefore, thin, immyelinated axons are 
much slower than thiek myelinated axons. For example, in one seeond, impulses in thiek myelinated 
axons ean travel longer than the length of a football field while those in thin unmyelinated would 
not have eovered enough ground to make a first down. That’s a big differenee in speed. 

Unmyelinated neurons laek a myelin sheath arormd their axons. The extracellular fluid (ECF) 
eomes into direet eontaet with the axon. This allows for easy exchange of ions aeross the plasma 
membrane of the axon. 

Impulse conduction involves a repeated eyele of depolarization and repolarization all along the 
length of the axon (see p. 194). This is caused by the rapid opening and elosing of two different 
voltage^gated (V'G) ehannels: (1) Na + ehannels and (2) K + ehannels. Like any gate, these 
ehannels ean be in two states—either open or elosed. They are triggered to open and elose by a rapid 
ehange in membrane potential (volgate). First, V-G Na + ehannels are stimulated to open to allow 
sodium ions to diffuse into the intracellular fluid (ICF) within the axon. Then V-G K + ehannels 
open and K + ions diffuse out of the axon and into the extracellular fluid (ECF). This flux of ions 
aeross the membrane ereates an eleetrieal current. 

Analogy 

Continuous conduction is like a domino effeet in which eaeh adjaeent segment of the axon must be 
stimulated one after the other. The dominos are like the voltage^gated ehannels that must open and 
elose in rapid succession. 

Sequence 
of Events 

The Na + ehannels are shown in the faeing ilhistration. Note: K + ehannels are not shown in the 

ilhistration. 

(X V'G Na + ehannels are stimulated to open and Na + ions diffuse into the axon resrilting in a 
depolarization. This is followed by V^G K + ehannels opening to cause a repolarization. 

(2) In the adjaeent part of the axon, V-G Na + ehannels again are stimiilated to open, and Na + 
ions diffuse into the axon, resrdting in another depolarization. This is followed by V-G K + 
ehannels opening to cause another repolarization. 

(3) This proeess of stimulating eaeh adjaeent segment of the axon continues along the entire length 
of the axon. 
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NERVOIJS SYSTEM—Nervous Tissue and lmpulse Conduction 

Nerve lmpulse Conduction: Saltatory Conduction 


Deseription 

The two general types of nerve impulse conduction are: (1) continuous conduction (see p. 196), and 
(2) saltatory conduction. This module explains the latter, saltatory ( saltare , leaping) eondiietion. Saltatory 
conduction has the following key features: 

Occurs only in myelinated neurons. 

Is faster than continuous conduction (about 120 m/see). 

Speed of impulse conduction is mainly determined by myelination and diameter of the axon. Some 
axons are thiek and others are thin. The general rule is: “thieker is quicker.” Therefore, thiek myelinated 
axons are much faster than thin unmyelinated axons. For example, in one seeond, impiilses in thiek 
myelinated axons ean travel longer than the length of a football field while those in thin unmyelinated 
axons would not have eovered enough ground to make a first down. That’s a huge differenee in speed. 

Myelinated neurons in the peripheral nervotis system have their axons eovered by neurolemmoctes 
(Schwann eells ). During development of the nervous system, these eells wrap themselves around the axon, 
forming layers of plasma membrane eolleetively referred to as the myelin sheath. This eovering serves as 
insulation like the plastie eoating around the eopper wires in an eleetrieal eord. Short segments of exposed 
axon between the neurolemmocytes are ealled nodes of Ranvier. 

Impulse conduction involves a repeated eyele of depolarization and repolarization all along the length 
of the axon (see p. 194). This is caused by the rapid opening and elosing of two different voltage-gated 
(V-G) ehannels: (1) Na + ehannels and (2) K + ehannels. Like any gate, these ehannels ean be in 
two states—either open or elosed. They are triggered to open and elose by a rapid ehange in membrane 
potential (voltage). First, V-G Na + ehannels are stimulated to open to allow sodium ions to diffuse into 
the intracellular fluid (ICF) within the axon. Then V-G K + ehannels open and K + ions diffuse out 
of the axon and into the extracellular fluid (ECF). This flux of ions aeross the membrane ereates an 
eleetrieal current. 

In myelinated neurons, V-G Na + ehannels and V^G K + ehannels are loeated mostly at nodes of 
Ranvier. Why? This is the only part of the axon where ions ean eross the plasma membrane because ions 
within the ECF eome in direet eontaet with the axon. Because ions ean’t eross the barrier of the myelin 
sheath, voltage-gated ehannels are not needed in segments of the axon eovered by myelin. 

Analogy 

Saltatory conduction is like skipping a stone aeross the surface of the water, as the impulse seems to 
“jump” from node to node. Strietly speaking, the impulse does not actually jump. But this is useful to 
illustrate that saltatory conduction is up to 60 times faster than continuous conduction, which is more like 
a domino effeet. 

Sequence 
of Events 

The Na + ehannels are shown in the faeing illustration. (Note: V^G K + ehannels are not shown in the 

illustration.) 

(^) V-G Na + ehannels at the first node are stimulated to open, and sodium ions diffuse into the axon, 
causing depolarization. The eleetrie current that is generated is shuttled through the ICF of the axon 
to the next node of Ranvier. 

(2) The eleetrie current triggers the V-G Na + ehannels at the seeond node to open, and sodium ions 
diffuse into the axon, causing another depolarization. The eleetrie current that is generated is again 
shuttled through the axon to the next node of Ranvier. 

(3) The eleetrie current triggers the V-G Na + ehannels at the third node to open, and sodium ions 
diffuse into the axon, causing another depolarization. The eleetrie current that is generated is again 
shuttled through the axon to the next node of Ranvier. This proeess repeats itself until the nerve 
impiilse is conducted along the entire length of the axon. 

Study Tip 

Remember the alliteration: Saltatory is Speedy like Skipping a Stone. 
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NERVOIJS SYSTEM—Nervous Tissue and lmpulse Conduction 

Synaptie Transmission—Neuromuscular Junctions and Neuro-Neuro Junctions 


Deseription 

Synaptie transmission is the method by which neiirons communicate with other eells. The illustration 
shows the synaptie knobs of a motor neuron eonneeting to a skeletal muscle eell in the neuromuscular 
junction (NMJ), while the synaptie knobs of neuron #1 eonneet to the dendrites of neuron #2 in a neuro- 
neuro junction (NNJ). The synapse is the flmdTilled spaee between the synaptie knob and the muscle 
eell/nerve eell. In both eases, a ehemieal messenger ealled a neurotransmitter must eross this gap like a 
ferry boat erossing a ehannel, and doek at the reeeptor in the plasma membrane of the other eell. This 
may lead to either a stimulatory or inhibitory response in the other eell. 

Steps #l-#4: Seeretion of neiirotransmitters . These steps are the same for both an NMJ and an NNJ. 
The only differenee is the type of neurotransmitter(s) involved. Only aeetyleholine (ACh) is released in 
the NMJ, whereas NNJs have dozens of different possible neurotransmitters. Here is a summary of this 
meehanism: 

(J) Neurotransmitters are synthesized in the synaptie knob and stored within vesieles at high eoneen- 
trations. 

(2) When a nerve imprdse travels along the axon to the synaptie knob, it triggers the opening of 
voltage-gated (V-G) calcium (Ca + + ) ehannels. Note that these ehannels normally are elosed. 

(3) Because ealeirim is at a higher eoneentration in the extracellular fliiid, it diffuses into the synaptie 
knob through the open V-G Ca + + ehannels, where it helps trigger exocytosis (see p. 54). 

(4) The neurotransmitter is released into the fliiid-filled synapse and diffuses aeross it. 

Steps #5-#7: I nducing a response in either mnsele or nerve tissue. 

For the NMJ : 

(§) ACh binds to the ACh-gated Na + ehannel ( elosed state). 

(§) The binding of ACh induces the ACh-gated Na + ehannel to open, allowing only sodium ions 
(Na + ) to diffuse into the muscle eell. 

( 7 ) This influx of Na + generates an aetion potential in the muscle eell, which eventually leads to a 
muscle eontraetion. 

When nerve impulses from the motor neuron eease, ACh in the synapse is quickly broken down and 
muscle aetion potentials stop. 


For the NNJ: 

(§) The neurotransmitter (NT) binds to NT-gated Na + ehannel ( elosed state). 

(§) The binding of the neurotransmitter induces the NT-gated Na + ehannel to open, allowing only 
sodium ions (Na + ) to diffuse into the neuron, resulting in a depolarization. 

( 7 ) If the depolarizing potential reaehes threshold, it ean trigger an aetion potential ( nerve impulse). 

Alternatively, the neurotransmitter may bind to a different NT^gated ehannel that is speeifie for either 
potassium (K + ) or ehloride (Cl _ ). The illustration shows a NT^gated K + gated ehannel as an example. 
When this ehannel opens, K + diffuses out of neuron #2, leading to a hyperpolarization. This inhibitory 
pathway prevents an aetion potential from being induced in neuron #2. 

When nerve imprilses from neuron #1 eease, the neurotransmitter in the synapse has two fates: 
(1) like ACh, it is broken down, or (2) it is remsed by being transported baek into the synaptie knob or to 
a neighboring neuroglial eell. 
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NERVOIJS SVSTEM—Peripheral Nen/ous System (PNS) 

Perípheral Nerve Structure 


Deseription 


Peripheral nerves spread throughout the body like eleetrieal wiring through a house. They are a eob 
leetion of brmdles of mieroseopie axons. Examples include the seiatie and femoral nerves in the thigh 
and the braehial nerve in the arm. Nerves are visible to the naked eye and structured 
as a series of tubes within tubes. Eaeh tubedike structure is wrapped in a proteetive eonneetive tissue. 
Eaeh of the labeled structures in the illustration is explained in the tables below. 


Tubes vvithin tubes 


Structure 

Deseription 

1. Nerve 

long, maeroseopie, eable-like structure eontaining bundles of axons 

2. Faseiele 

a single bundle of axons 

3. Myelinated axon 

an axon vvrapped in a proteetive myelin sheath 

4. Axon 

long, thin part of a neuron that earries nerve impulses along its length 


Connective tissue organization 


Structure 

Deseription 

5. Epineurium 

the thiek layer of dense irregular eonneetive tissue that vvraps around the outside of a 
nerve 

6. Perineurium 

the cellular eonneetive tissue layer that vvraps around eaeh faseiele 

7. Endoneurium 

the thin layer of areolar eonneetive tissue that vvraps around eaeh axon and binds one 
myelinated axon to another vvithin a faseiele 


Neuronal structures 


Structure 

Deseription 

8. Neurolemmocyte 
(Sehvvann eell) 

a eell that vvraps itself around the axon of a neuron numerous times during 
development of the nervous system. The end result is that a myelin sheath is 
ereated 

9. Myelin sheath 

the layers of the neurolemmocyte’s eell membrane that form a proteetive, insulting 
eoating of lipoprotein around the axon 
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NERVOIJS SYSTEM—Peripheral Nervous System (PNS) 


Peripheral Nerve Structure 
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NERVOIJS SVSTEM—Peripheral Nen/ous System (PNS) 

Reeeptors and Sensory Transduction 


Deseription 


This module gives an overview of how sensory reeeptors deteet stimuli, eonvert it into an eleetrieal 
imprilse, and send it along a sensory neuron to finally be interpreted in the brain. A sensory reeeptor 
is a speeialized structure to deteet a speeifie stimulus. Many are simply the dendrites of sensory neurons 
encapsulated by some other tissue. They are found in loeations such as the skin, joints, tendons, and 
blood vessel walls. Eaeh type of reeeptor responds to a single type of stimulus—touch, temperatiire, 
pressure, pain. Reeeptors ean be organized into the following major eategories: 

Meehanoreeeptors: deteet stimuli that eompress, bend, or streteh eells; allow for sensations 
such as touch, pressure, and vibration. Ex: Lamellated corpuscles: mostly deteet deep pressure; 
loeations ineliide lower dermis of the skin, joints, tendons, muscles, periosteum, and panereas. 

Chemoreceptors: deteet ehanges in ehemieal eoneentrations (H + , 0 2 , C0 2 ) in a solution 

Noeieeptors: deteet pain resiilting from tissue damage 

Photoreeeptors: sensitive to light that strikes the retina of the eye 

Thermoreeeptors: deteet ehanges in temperature 

Osmoreeeptors—deteet ehanges in osmotie pressure of body fluids 


Sensory transduction refers to the proeess of eonverting the stimulus energy into a nerve impulse. 
This eonversion is essential, allowing all the sensory information to travel through the nervous 
system along sensory nerves to eventually be interpreted in the brain. Without it, no sensations 
would be able to be pereeived. 

Let’s use the example of a lamellated corpuscle as our sensory reeeptor of ehoiee. It primarily 
deteets pressure, but also stretehing and vibration. Its structure eonsists of a single dendrite surrounded 
by an oblong-shaped capsule of up to 60 layers of fibrous eonneetive tissLie, giving it a slieed-onion 
appearanee. Between the layers is a viscous material. In the capsule’s eore is a fluidTilled spaee that 
SLirrorinds the dendrite. 

Imagine pressing your finger to a flat surface and feeling the pressure that results. The ilhistration 
shows the proeess of sensory transduction. Here is a srimmary of eaeh step: 



Stimulus: pressure 


The normal membrane potential is symbolized by the “ + ” signs outside the membrane and the 
“ — ” signs inside the membrane (see p. 56). The aet of pressing serves as a stimulus to eompress 
the eoneentrie layers within the capsule. This, in turn, deforms the plasma membrane of the 
dendrite. 


(2) Graded potential generated 


In response to this membrane deformation, the membrane beeomes more permeable to Na + 
(sodium ions). This triggers protein ehannels to open, and Na + rapidly diffuses into the dendrite, 
thereby depolarizing the membrane. The small current that is generated is ealled a graded potential. 



Aetion potential generated 


A graded potential has different orders of magnitude. If it reaehes a threshold or minimum 
strength—it ean induce an aetion potential or nerve impulse in the first node of Ranvier. 
Because this sensory neuron is myelinated, it results in saltatory conduction (see p. 198). This is 
where the nerve impulse is shuttled from the first node, to the seeond, then third, and so on. 
Finally, the nerve impulse travels from the sensory nerve and up the spinal eord, where it is 
interpreted in the eerebral cortex. 
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Reeeptors and Sensory Transduction 
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NERVOIIS SYSTEM—Oentral Nervous System (CNS)—S|>inal Cord 

Spinal Cord Structure and Function 


Deseription 


The spinal eord is a long, slender structure that links the body and the brain. Most of the eord is 
proteeted by the bony vertebrae because it runs through the vertebral eanal of the vertebral column. 
Three layers of proteetive membranes ealled meninges surround the spinal eord and brain. From 
outermost to innermost, these are as follows: 

Dura mater: thiekest and strongest; eontains fibroris eonneetive tissue 

Araehnoid: thin layer made of simple squamous epithelium; laeks blood vessels 

Pia mater: tightly adheres to the spinal eord and follows every surface feature; supplies many 

blood vessels direetly to the spinal eord. 

Below the araehnoid is a potential spaee ealled the subarachnoid spaee, which is filled with 
eerebrospinal fluid. This serves as a eiishion to proteet the spinal eord and functions as a medium 
through which to deliver nutrients and remove wastes. Extending laterally off the spinal eord are 31 
pairs of spinal nerves. These beeome the various peripheral nerves that spread throughout the body. 
The spinal nerves and their assoeiated structures are: 

Dorsal root: eontains only sensory axons. 

Dorsal root ganglion: eontains the neuron eell bodies of sensory neurons. 

Ventral root: eontains only motor axons. 

Dorsal ramus: branehes off the spinal nerves that innervate muscles and skin of the baek. 

Rami eomrmmieantes: braneh off the spinal nerves that eontain axons related to the auto^ 

nomie nervous system (ANS). 

The spinal eord eontains areas of gray matter and white matter. The white matter is loeated in 
the outer portion of the spinal eord and eonsists of myelinated axons that run along its length. It is 
divided into the following three regional areas ealled funiculi (sing. funiculus): a posterior funiculus, 
lateral funiculi, and an anterior funiculus. The white commissure is a narrow band of white matter 
that eonneets the anterior funiculi together. 

The gray matter is loeated in the inner portion of the spinal eord and includes short neurons 
ealled interneurons along with eell bodies, dendrites, and axon terminals of other neurons. The three 
regional areas of gray matter are referred to as horns: posterior horn, lateral horn, anterior horn. In 
the eenter of the spinal eord is a small passageway ealled the eentral eanal, which eontains eerebnv 
spinal fluid. The horizontal band of gray matter that surrounds the eentral eanal is ealled the gray 
commissure. 



The gray matter in the middle of the spinal eord looks like a butterfly. Note that the exact shape of 
the gray matter ehanges from one segment of the spinal eord to another so it does not always look 
exactly like a butterfly. 


206 















NERVOIIS SYSTEM—Oentral Nervons System (CNS)—Spinal Cord 


Spinal Cord Structure and Function 


Posterior 


Spinous proeess 



An adult spinal eord 
is about the width 
of a peneil. 


White 

matter 


Dorsal 

root 


Dorsal 

root 

ganglion 


Dorsal 

ramus 




Spinal nerves 


Spinal Cord and Meninges 

anterior view 


Rami 

communicantes 


Posterior median 
sulcus 


Posterior funiculus 


Lateral funiculus 


VVhite commissure 


Anterior funiculus 


Gray commissure 
Posterior horn 



Lateral 
horn 

Anterior horn 
Anterior median fissure 



The gray matter in the middle 
of the spinal eord is 
shaped like a butterfly. 


Spinal Cord 

eross-seetion 


207 

















































































NERVOIJS SYSTEM—Oentral Nervous System (CNS)—S|>inal Cord 

Reflexes 


Deseription 


Somatie 
Reflex Are 


A reflex is a rapid, involuntary response to a stimulus. A reflex are refers to the neural pathway 
involved in a single reflex. The two general reflex eategories are: somatie reflexes and autonomic 
reflexes. Only somatie reflexes—which result in the eontraetion of skeletal miiseles—will be illus- 
trated in this module. An example is the knee-jerk reflex. During a physieal exam, a physieian may 
strike your patellar tendon with a percussion hammer. This stimulates your quadriceps femoris muscle 
to eontraet, resulting in extension of the knee joint. 

The aiitonomie reflexes are so named because they are part of the autonomic nervous system 
(ANS). These reflex ares stimulate responses in smooth muscle, eardiae muscle, and glands, which 
allow for eontrol of functions such as digestion, urination, and heart rate. 

The parts of a typieal somatie reflex are are: 

© Reeeptors 

—loeated at the end of sensory neurons. 

—respond to a speeifie stimulus (ex: touch, pressure, or pain stimuli). 

—different for different stimiili. 

In the illustration on the faeing page, a thumbtack is shown penetrating the skin; 
this would be deteeted by pain reeeptors in the skin. 

(2) Sensory Neuron 

—conducts impulses from the reeeptor to the spinal eord (or brain). 


Input \ 


Proeessing J 


Integrating Center 

—regions of gray matter in the spinal eord or brain that aet as the integrating eenter; 
simple reflexes pass only through the spinal eord. 

A polysynaptie reflex is shown on the faeing page; it always involves at least one 
interneriron that eonneets the sensory neuron to the motor neuron. 

—monosynaptie reflexes laek the interneiiron and simply direetly eonneet the 
sensory neuron to the motor neuron. 


(4) Motor Neuron 

—conducts impulses from the integration eenter to the effeetor. 

(5) Effeetor 

—the last eomponent in a somatie reflex are; skeletal muscle. 

Analogy © input 

(2) Proeessing 

(3) Output 

This is like typing the letter ‘K’ in a word proeessor on your laptop. Pressing on the keyboard is the 
input. This sends a message to the mieroehip—the brain of the computer or proeessing eenter. Then 
the mieroehip sends a signal for the final output—the appearanee of the letter ‘K’ on the sereen. 


í 


Output v 
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NERVOIJS SVSTEM—Central Nervous System (CNS)—Brain 

Brain: Largest Regions, Brain Stem, and Dieneephalon 


Deseription 


The three largest regions of the brain are the brain stem, cerebellum, and cerebrum. 

1. The brain stem is loeated at the base of the brain and eontains regulatory eenters to eontrol 
things we take for granted, such as respiration, eardiovaseiilar aetivities, and digestion. 

2. The cerebellum is loeated posterior to the brain stem and inferior to the eerebmm. It is 
divided into two left or right halves, or hemispheres, and is extensively folded to inerease 
surface area. Its general function is to work with the eerebmm to eoordinate skeletal muscle 
movements, and it also allows the body to maintain proper balanee and posture. 

3. The cerebrum is the largest part of the brain and eontains billions of neurons. Like the eere- 
belhim, it is divided into two hemispheres. The deep division between these two hemispheres 
is ealled the longitudinal fissure. The term fissure indieates a deep groove or depression that 
separates major seetions of the brain. 

The siirfaee of the eerebmm is not smooth but is folded into many little hills and gulleys. Eaeh 
hill is ealled a convolution (or gyrns) and eaeh valley is a shallow groove ealled a sulcus. 

The eerebmm is the part of the brain assoeiated with higher brain functions inehiding planning, 
reasoning, analyzing, and storing/aeeessing memories. ironieally, without it, you would not be able to 
read and learn about the brain as you are doing now. It also pereeives and interprets sensory information 
and eoordinates various motor functions such as those involved in speeeh. The eerebmm is divided 
into four major lobes named after the bones that eover them: frontal , parietal , temporal , and oeeipital 


Brain Stem 


The brain stem eonsists of three parts: medulla oblongata , pons , and midbrain. The table below gives a 
deseription and general hmetion of eaeh part. 


Brain Stem Region 

Deseription 

General Functions 

Medulla oblongata 

Between spinal eord and pons 

Respiratory eontrol eenter; eardio- 
vascular eontrol eenter 

Pons 

Between medulla and mídbrain; bulges out 
as widest region in brain stem 

Oontrols respiration along with medulla; 
relays information from cerebrum to 
cerebellum 

Midbrain 

Between dieneephalon and pons; includes 
eorpora quadrigemina [sensory relay station) 
and eerebral aqueduct (eonneets third and 
fourth ventrieles; eontains eerebrospinal fiuid) 

Visual and auditory reflex eenters; 
provides pathway between brain stem 
and cerebrum 


Dieneephalon The dieneephalon is loeated above the brain stem and eontains three parts: epithalamns, thalamns ,and 

hypothalamns. The table below gives a deseription and general function of eaeh part. 


Dieneephalon Region 

Deseription 

General Functions 

Epithalamus 

Roof of third ventriele; includes pineal 
gland; ehoroid plexus (forms eerebro- 
spinal fluid) 

Pineal gland makes hormone melatonin, 
which regulates day-night eyeles. 

Thalamus 

Two egg-shaped bodies that surround 
the third ventriele 

Relays sensory information to eerebral 
cortex; relays information for motor 
aetivities; information filter 

Hypothalamus 

Forms floor of third ventriele; between 
thalamus and ehiasm 

Oontrols autonomic eenters for heart rate, 
blood pressure, respiration, digestion, 
hunger eenter, thirst eenter, regulation of 
body temperature, production of emotions 
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Brain: Largest Regions, Brain Stem, and Dieneephalon 
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Color the different 
lobes of the eerebmm 
diffferent eolors. 


Pineal 
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aqueduct 
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Cerebellum 


Central 
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Fourth 
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KEY 


E = epithalamus 
T = thalamus 
H = hypothalamus 


BRAIN STEM 


TIP 

To reeall the parts of the 
dieneephalon, use the mnemonie 



Epithalamus 

Thalamus 

Hypothalamus 



TIP 

To reeall the parts of the 
brain stem, use the mnemonie 
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Midbrain 

Pons 
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NERVOIJS SYSTEM—Oentral Nervous System (CNS)—Brain 

Brain and Oranial Nerves 


Deseription 


Study Tips 


There are 12 pairs of eranial nerves that are best observed on the inferior view of a whole brain. 
Beginning near the frontal lobe of the eerebmm and moving down toward the spinal eord, they are 
nrimbered using Roman numerals from one (I) to twelve (XII). 

Use the following mnemonie deviee to reeall the proper order of the eranial nerves: 


Osear’s 

— 

Olfaetory nerve (I) 

Old 

— 

Optie nerve (II) 

Ostrieh 

— 

Oeiilomotor nerve (III) 

Tasted 

— 

Troehlear nerve (IV) 

Tomatoes 

— 

Trigeminal nerve (V) 

And 

— 

Abducens nerve (VI) 

Felt 

— 

Faeial nerve (VII) 

Very 

— 

Vestibulocochlear (aeonstie or anditory) nerve (VIII) 

Qood, 

— 

Qlossopharyngeal nerve (IX) 

Vomited 

— 

Vagus nerve (X) 

Any 

— 

Aeeessory nerve (XI) 

How 

— 

Hypoglossal nerve (XII) 


Assoeiate eranial nerves with speeifie landmarks on the brain— ex: Oculomotor nerve (III) is 
below the mamillary body, Abducens nerve (VI) is between the medulla and the pons 

The Thiekest eranial nerve is the Trigeminal nerve (V) 

Aeeessory nerve (XI) runs parallel to the spinal eord 




Key to lllustration 



1 . 

Olfaetory nerve (1) 

5. Trigeminal nerve (V) 

9. 

Glossopharyngeal nerve (IX) 

2. 

Optie nerve (II) 

6. Abducens nerve (VI) 

10. 

Vagus nerve (X) 

3. 

Oculomotor nerve (III) 

7. Faeial nerve (VII) 

11. 

Aeeessory nerve (XI) 

4. 

Troehlear nerve (IV) 

8. Vestibulocochlear (acoustic 
or auditory) nerve (VIII) 

12. 

Flypoglossal nerve (XII) 
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Braín and Cranial Nerves 


To reeall the eranial nerves 
from the first pair to the last 
pair, use the following 
mnemonie: 
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Very 
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Color the 
matehing pairs 
of eranial nerves, 
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lnfundibulum 
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bodies 
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Medulla 
oblongata 


Cerebellum 


Cranial Nerves 
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4. 
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6. 

12. 
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NERVOIJS SVSTEM—Oentral Nervous System (CNS)—Brain 

Brain Ventrieles 


Deseription 



Study Tip 


The heart eontains ventrieles that fill with blood, while the brain eontains ventrieles that are 
eonstantly filled with eerebrospinal fluid. In total, the brain has four ventrieles inside it: lateral 
ventriele (of left hemisphere), lateral ventriele (of right hemisphere), third ventriele , and fomth ventriele. 
This entire network is referred to as the ventricular system in the brain. The lateral ventrieles are 
the largest of the four and do not direetly eonneet to eaeh other as they are separated by a thin 
partition ealled the septum pellucidum. Both do eonneet to the third ventriele in the region of the 
dieneephalon by small passageways ealled interventricular foramina. The third ventriele is eon- 
neeted to the fourth ventriele by a passageway ealled the eerebral aqueduct (aqueduct ofSylvius). The 
foiirth ventriele is loeated in the pons (of the brain stem) and the cerebellum. It eommimieates with 
a very narrow passageway ealled the eentral eanal, which runs through the middle of the spinal eord. 

To visrialize the relative positions of the ventrieles, eompare the whole ventricular system to the 
hollow head of a ram. The fourth ventriele is like the neek of the ram, the third ventriele is like 
the head, and the lateral ventrieles are like the two horns. The ram’s horns also follow the same 
general shape of the paired lateral ventrieles. 

The first and seeond ventrieles are not niimbered because they are the lateral ventrieles. If you think 
of the two lateral ventrieles as first ventriele and seeond ventriele, the numbering makes sense in 
relation to the third ventriele and fourth ventriele. Ah, the goofy things that anatomists do! As the 
saying goes, ‘ you are not a good anatomist unless you know 87 different names for the same structure.” 




Key to lllustration 

1. 

Lateral ventrieles 

2. Third ventriele 

1a. 

Anterior horns of lateral ventrieles 

3. Cerebral aqueduct (aqueduct ofSylvius) 

1b. 

Posterior horns of lateral ventrieles 

4. Fourth ventriele 

1c. 

Inferior horns of lateral ventrieles 

5. Oentral eanal 
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Brain Ventrieles 


1 



Cerebrum 



Pons 


Cerebellum 


Medulla 
oblongata 


Anterior view 


4 



Cerebrum 


4 



Pons 


Cerebellum 


Lateral view 


The ventricular system 
in the brain is like the 
neek, head, and horns 
of a ram if they were 
hollow. 


4 



4 



lnterventricular 
foramen 


Anterior view 


Color the 
ventrieles 
and write 
labels on 
the illustrations. 



Lateral view 
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NERVOIIS SYSTEM—Central Nervous System (CNS)—Brain 

Functíonal Regíons of the Cerebral Cortex 


This module will deseribe some of the seleeted functional areas of the eerebral cortex. These areas have been divided into 
three general groups: sensory areas, motor areas, and assoeiation areas. Note that the words cortex and area are often used 
interehangeably. 


SENSORY AREAS Control regions where sensations are pereeived 


1. Primary somatie 
sensory cortex 

2. Gustatory cortex 

3. Auditory cortex 

4. Visual cortex 


This important region is shown in dark gray behind the eentral sulcus. General 
sensory input (e.g. touch, temperature, pressure, and pain) from all parts of the 
body is pereeived here. 

Loeated in the parietal lobe; taste sensations are pereeived here, such as the flavors 
of the iee eream shown in the ieon. 

Loeated in the temporal lobe; auditory stimuli are proeessed by the brain here. 

Loeated in the oeeipital lobe; visual images are pereeived here (like the star shown 
in the ieon). 


MOTOR AREAS Control eenters for conscious muscle movements 


1. Primary motor cortex 

2. Premotor cortex 

3. Motor speeeh area 

(Broea’s area) 

4. Frontal eye field 


This important area is shown in eolor in front of the eentral sulcus. It eontrols 
vohmtary muscle movements throughout the body, inehiding those of the hands and 
feet, arms and legs, faee and tongue. 

This area serves as the “ehoreographer” for the primary motor cortex. It deeides which 
muscle groups will be used and how they will be used prior to stimulating the primary 
motor cortex. 

This area eontrols and eoordinates the muscles involved in normal, fluent speeeh. 
Damage to this area ean result in strained speeeh with diseonneeted words. 

This area eontrols muscle movements of the eye, such as those needed to read this page. 


ASSOCIATION AREAS 


Control regions—near sensory areas—involved in reeognizing and analyzing ineoming 
information 


1. Prefrontal area 


2. Somatie sensory 
assoeiation area 

3. Sensory speeeh area 

(Wernickes area) 


4. Auditory assoeiation area 

5. Visual assoeiation area 


This area is most highly developed in humans and other primates. It regulates 
emotional behavior and mood and also is involved in planning, learning, reasoning, 
motivation, personality, and intelleet. 

This area allows you to prediet that sandpaper is rough, for example, even without looking 
at it. It also stores memories about previous sensory experiences so you ean determine 
when blindfolded, for example, that the objeet plaeed in your hand was a pair of seissors. 

This area seems to be an important part of language development—proeessing words 
we hear being spoken. It also appears important for ehildren when they are sounding 
out new words. Damage to this area may result in defieieneies in reeognizing written 
and spoken words. 

This area allows you to eomprehend, interpret, analyze, and question what you are 
hearing. For example, it enables you to reeognize a familiar song or disregard noise. 

This allows you to assoeiate the pereeived image of the star with the letters 
“S-T-A'R”. You eonneet the word “star” with the image of a star. 
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Functíonal Regions of the Cerebral Cortex 
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NERVOIJS SYSTEM—Central Nen/ous System (CNS)—Brain 

EEG, Sleep/Wakefulness, and Reticular Formation 


Deseription 

EE6 


Reticular 

Formation 


This modiile explains eleetroeneephalogram (EEG), sleep/wakefulness, and retieiilar formation. 

An eleetroeneephalogram (EEG) is to the nervous system what an ECG is to the cardiovascular system 
(see p. 288). By deteeting the eleetrieal aetivity of the billions of neurons in the brain, an EEG meas- 
ures normal brain function. Eleetrodes are plaeed around the sealp to deteet the small voltage gener- 
ated from these nerve impulses. Wires eonneet the eleetrodes to an EEG maehine, where the voltage 
is amplified so it ean be seen as eharaeteristie waves. Eaeh person has her own unique brain waves, 
displayed as a graph of voltage (millivolts or mV) over time. The height of the wave is the amplitiide 
(in mV), and the frequency is measured in hertz (Hz), or eyeles per seeond. The following is a surm 
mary of the four eommon types of brain waves: 

$leep/Wakefulne$s 

Alpha waves (8-13 Hz) occur when a person is ealm and awake with eyes elosed. This is like 
the restfril state of the brain. 

Beta waves (14-30 Hz) occur when we are mentally alert, such as balaneing your eheekbook 
or studying a map to find your way to your destination. 

Theta waves (4-7 Hz) are eommon in ehildren but abnormal in wakeful adults. 

Delta waves (< 4 Hz) occur normally in wakeful infants and in adults during deep sleep or while 
under anesthesia. In wakeful adults, they indieate brain damage. 

EEGs also ean be used to deteet abnormalities in the brain, such as epilepsy, brain tumors, and 
traumatic injuries. The absenee of any brain waves is the legal definition of what is ealled brain dead. 

The brain never really “turns off.” Neurons are sending impulses to eaeh other eonstantly whether a 
person is awake or asleep, but the brain needs to have methods to eontrol these states of conscious- 
ness. Sleep states are regrilated through the hypothalamus. Wakeful states are eontrolled by the retie- 
ular formation—a cluster of neurons, eentrally loeated and extending like eohimns through the 
brainstem —midbrain , pons, and medulla oblongata. One subset of these neurons—the reticular aeti- 
vating system (RAS) aet like an alarm system that keeps the brain alert. The RAS sends stimulatory 
impulses throLigh nerve pathways to other key parts of the brain, such as the eerebral cortex, thala- 
mus, hypothalamus, eerebelhim, and spinal eord. Sensory input is delivered to the RAS so it ean 
filter out everything that is not important. Otherwise, we would go insane from sensory overload. 
Only the most important sensory input is routed to the eerebral cortex so we ean be aware of it. For 
example, you probably are unaware of the sensation of your silky, long^sleeved shirt against your arm, 
but you would notiee if someone suddenly were to pull on it. 
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EEG, Sleep/Wakefulness, and Reticular Formation 


Eleetrode 


(deteets small voltage) 



Connections 
to eerebral 
cortex 



Reticular 

formation 

(eolored 

area) 


Medulla 
oblongata 


(The reticular 
formation is like 
an alarm system 
that keeps the 
brain alert.) 



EEG Maehine 

(amplifies the 
voltage) 


Visual 
Auditory 


u(( 


Output 


Taetile, 

pain, 

temperature 






An EEG is a graph 

of voltage 

(measured in millivolts) 
over time 

(measured in seeonds) 


► 


Time (seeonds) 


• Alpha 

waves 


/JIaAaa/Ui\j 

MA/Vv\AAAJ\j\A/ 

• Beta 

waves 




• Theta 

waves 

JUAA 

AMj 

WvVìí 

• Delta 

waves 



AJ~ 





1 seeond 


219 














































NERVOIJS SVSTEM—Oentral Nervous System (CNS)—Brain 

Hypothalamus Functíons 


Deseription 


Though small in size, the hypothalamus in the brain eontrols many vital body functions. In general, 
it eontrols autonomic nervous system (ANS) eenters for heart rate, blood pressure, respiration, and 
digestion. It also serves as our hunger eenter and thirst eenter, regulator of body temperature, and 
producer of emotions. It even plays a role in memory. As part of the dieneephalon, it is loeated 
between the thalamus and the optie ehiasm. The anterior commissure and mammillary body form 
the borders on either side. The infundibulum is a stalkdike structure that eonneets the hypothalamus 
to the pituitary gland. Neurons in the hypothalamus are wired direetly into the posterior pituitary 
gland to ereate a vital link between the nervous system and the endoerine system. 

The hypothalamus eonsists of many different nuclei—ehisters of eell bodies. These nuclei 
eorrelate to the speeifie functions listed below. 


Fiinetions 


The hypothalamris has five major functions: 

1. Controls the autonomic nervous system (ANS) and the endoerine system. 

For the ANS, which is divided into two divisions—sympathetie and parasympathetie: 
Anterior nucleus eontrols the parasympathetie division. 

Dorsomedial nucleus eontrols the sympathetie division. 

For the endoerine system: 

Notiee the eolored lines in the ilhistration, linking the paraventricular nucleus and the 
supraoptic nucleus to the posterior pituitary gland. 

Paraventricular nucleus releases OT ( oxytocin ), the hormone that stirmilates uterine 
eontraetions during labor and delivery. 

Supraoptic nucleus releases ADH (antidimetie hormone ), important for maintaining 
water balanee. 

2. Regrdates emotional behavior. 

Mammillary body eontains relay stations for the sense of smell. In addition, it links the 
hypothalalmus to the limbie system—our “emotional brain” (see p. 222). The limbie 
system helps us regulate basie emotions such as rage, fear, happiness, and sadness. 

3. Regrdate body temperature. 

Preoptie area works as a thermostat to maintain our normal body temperature of 98.6° F 
by regulating shivering and sweating meehanisms. 

4. Regulate food and water intake. 

Anterior nucleus is the thirst eenter, eheeking dissolved sohites in the blood. As solute 
levels inerease, fluid intake is stimrdated. 

Ventromedial nucleus is the hunger eenter, eheeking levels of ghieose and other nutri- 
ents in the blood. As these nutrient levels deerease, food intake is stimidated. 

5. Regulates sleep/wake eyeles. 

These eyeles are ealled eireadian rhythms. 

Suprachiasmatic nucleus is the eontrol eenter. 
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Hypothalamus Functions 


HYPOTHALAMLIS FUNCTIONS 
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NERVOIJS SYSTEM—Central Nervous System (CNS)—Brain 

Limbíe System Functíons 


Deseription 


The limbie (limbiis = border) system is ealled our “emotional brain” because it proeesses our basie 
emotions such as fear, happiness, and sadness. To aehieve this, it must integrate different brain eerv 
ters such as sensory systems and conscious eontrol eenters. Physieally, it is a eolleetion of structures 
found mostly in the cerebrum and dieneephalon (thalamus, hypothalamus, epithalamus). It is so 
named because these structures form a border around the dieneephalon. 

Seientists still do not universally agree on the structures that eompose the limbie system. The 
table below lists the most eommonly reeognized structures, with similar structures grouped together. 
The term nnelei refers to clusters of eell bodies in the CNS, and traets are bundles of axons in the 
CNS. The stmetrires in the table are ilhistrated on the faeing page. 


Limbie System Structure 

Deseription 

Cerebral Cortex Structures 

Cingulate (cingulum = girdle, 
to surround) gyrus 

A mass of eerebral cortex loeated above the corpus collosum; its name 
deseribes the faet that it surrounds the dieneephalon. 

Parahippoeampal gyrus 

A mass of eerebral cortex in the temporal lobe; works with the 
hippocampus to store memories. 

Nuclei 

Hippocampus (hippoeampos = 
seahorse) 

Anatomists thought this nucleus looked like a seahorse; loeated above 
the parahippoeampal gyrus and eonneets to the dieneephalon through 
the fornix; important in learning and storing long-term memories. 

Amygdaloid (amygda = almond 
shaped) body 

Nucleus loeated in front of and eonneeted to the hippocampus; direetly 
involved in emotions such as fear; ean store memories and eorrelate 
them with speeifie emotions. 

Anterior thalamie nucleus 

Loeated in the thalamus; relays viseeral sensations to the cingulate gyrus. 

Septal nucleus 

Nucleus loeated near the anterior commissure. 

Mammillary (mammilla = nipple) 

body 

Nipple-like structures in the floor of the hypothalamus that serve as 
relay stations for reflexes related to sense of smell. 

Traets 

Fornix (areh) 

A traet of white matter that eonneets the hippocampus to the 
hypothalamus; a portion of it is shaped like an areh. 

Other Structures 

Olfaetory bulbs 

All serve to interpret various odors in the brain. Odors are linked to 
speeifie memories, so eertain odors ean trigger powerful emotions. 
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Límbie System Functions 
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NERVOIJS SVSTEM—Oentral Nervous System (CNS)—Brain 

Lateralízation 


Deseription 


This module explains the eoneept of lateralization between the left and right eerebral hemispheres. 
Looking at the ilhistration of the brain, the left and right eerebral hemispheres appear very similar. 
In faet, they are anatomieally similar, and the two hemispheres work together for many fimetions. 
This is evideneed by the corpus callosum—a thiek band of nerves eonneeting the left to the right 
hemispheres. Eaeh hemisphere also has fimetional speeialization. There is lateralization where 
eertain functions are found only in one of the hemispheres. For example, in most people, the Broea’s 
area for speeeh production is foimd only in the left hemisphere. We ean make generalizations about 
the fimetional differenees between the two hemispheres that apply to most people. Consider your left 
hemisphere to be your “analytieal” hemisphere and your right to be your “ereative” hemisphere. 

The ilhistration lists the functional differenees. Your left brain excels at language and logie. 
It deals with information in an organized, logieal way as a seientist would. It helps you work with 
mathematieal equations, write, and follow direetions step by step. In eontrast, your right hemisphere 
excels at rmisieal and artistie abilities. It helps you imderstand shape and pattern relationships that 
are useful for faeial reeognition and drawing. It also is the seat of insight and inspiration. 

But these generalizations are not set in stone. Here are some variables that are exceptions to the 
rule: 

Individual differenees. Some individuals have one or more eontrol eenters in the hemisphere 
opposite from the one where it normally is found. 

Gender differenees. Lateralization is greater in males than females. In typieal females, a por- 
tion of the corpus callosum is thieker, indieating greater hemispherie integration. This means 
that both hemispheres work together more frequently. 

Age differenees. Children ean “re^wire” their brains more easily than adults. For example, if 
part of the brain is damaged or surgically removed in a ehild, the opposite hemisphere ean take 
over and eompensate. 

One hemisphere doesn’t actually dominate the other. Even so, the hemisphere that eontrols 
spoken and written language is designated as the eategorieal (or “dominant”) hemisphere. As mentioned 
previously, this is the left hemisphere for most people and eorrelates to handedness. Because nerves 
eross over from one side of the body to the opposite side in the brain, motor aetivity on the right side 
of the body is eontrolled by the left hemisphere, and viee versa. 

The same usually holds true for handedness. About 91% of the poprdation is right-handed, and 
in most of these people the left hemisphere is the eategorieal one. Interestingly, the situation is a bit 
different for “lefties.” In the majority of them, the left hemisphere is still their eategorieal one. In 
only about 15% is the right hemisphere eategorieal. In summary, although the two hemispheres work 
together all the time, they also speeialize in speeifie fimetions. 
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Lateralízation 
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voeal 
sounds 





• Artistie 
ability 




• Memory for 
shapes 
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\ • Step 3 
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relationships 


• Motor eontrol— 
right side of body 
and 

right-handedness 



• Motor eontrol— 
left side of body 
and 

left-handedness 
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NERVOIJS SVSTEM—Oentral Nervous System (CNS)—Brain 

Brain Metabolísm and Brain Function 


Deseription 


Though the brain makes up only 2% of body mass, it uses about 20% of the body’s glucose and 
oxygen. The brain never really shuts off; it’s even aetive during sleep. This is because the billions of 
neurons in the brain are eonstantly sending nerve impulses along their axons, which requires large 
amormts of ATP. This proeess occurs in mitoehondria within the eell body of the neuron. These 
hungry eells require a eonstant supply of glucose and oxygen to produce this ATP through aerobie 
respiration. For eaeh glucose moleeiile that is broken down, up to 36 ATP ean be produced. 

Unlike skeletal miisele eells, which eontain a stored form of glucose ealled glyeogen, the brain 
has no glyeogen stores. Skeletal muscle also eontains a protein ealled myoglobin, which temporarily 
binds and stores large amormts of oxygen. 

Unfortunately, the brain has no myoglobin deposits. To eompensate, the brain has elaborate 
networks of blood vessels to direetly deliver all the glucose and oxygen it needs through the blood. 
The earotid arteries transport oxygenated blood to the brain. But to proteet vital neiirons, a brain 
barrier system restriets what speeifie substances ean be transported from the blood to the brain 
tissues. This prevents toxins that may enter the bloodstream from damaging neurons. Fortunately, 
this system is permeable to glucose, oxygen, earbon dioxide, sodium, potassium, and ehloride. As a 
result, it doesn’t present a problem for delivering nutrients to the neurons or eliminating wastes from 
them. 


Cardiac Arrest 


If a person has eardiae arrest, blood stops flowing to the brain. Of all the different eells in the body, 
neurons in the brain are most likely to die if blood flow is not restored. This is why CPR (eardio- 
pulmonary resuscitation) is performed. Without it, neurons begin to die in about 3 to 4 minutes. In 
faet, this occurs any time blood flow to the brain is interrupted. 
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NERVOIIS SYSTEM—Central Nervous System (CNS)—Brain 

Brain Metabolism and Brain Function 


G = Glucose 
O 2 = Oxygen 


Neuron's 

plasma 

membrane 


Direetion 
of nerve 
impulse 


NO 

GLYCOGEN 

(to store glucose) 


NO 

MYOGLOBIN 

(to store oxygen) 


Color 

gliieose 

and 

different 
eolors. 



Carotid 

arteries 


CPR is needed 
to restore 
blood flow, 
which delivers 
glucose 
and oxygen 
to the brain. 
Without it, the neurons 
begin to die in about 3 to 4 minutes 
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NERVOIJS SVSTEM—Aiitonomie Nervous System (ANS) 

Autonomíc Reflexes Compared to Somatíe Reflexes 


Deseription 


Somatie reflexes were eovered previously (see p. 208). This module eompares and eontrasts somatie 
reflexes and autonomic reflexes. Somatie reflexes stimulate the eontraetion of skeletal muscle. Auto- 
nomie reflexes are used by the autonomic nervous system (ANS) to eontrol many of the invohmtary 
fimetions that we take for granted, such as digestion, urination, and heart rate. 


Autonomic Reflex 


Somatie Reflex 



Proeessing 


0utput 


r 

© Reeeptor 

© Reeeptor 

© Sensory neuron 

© Sensory neuron 

| @ Integrating eenter 

© Integrating eenter 

r 

@ Preganglionie fiber 

@ Motor neuron 

J © Postganglionie fiber 


(6) Effeetor (smooth muscle, 
eardiae muscle, or gland) 

@ Effeetor (skeletal muscle) 



All reflexes involve a pathway ealled an are, which includes input, proeessing, and output. 

Input involves a reeeptor and a sensory neuron. In an autonomic reflex, the reeeptor typieally is 
loeated on the organ/gland it is going to regulate. For example, the ilhistration shows a seetion of the 
small intestine. During digestion, the smooth muscle in its wall has to be stimulated to eontraet and 
thereby propel digested food through the intestine. This has to occur only when digested food is 
moving through the traet. In this example, a streteh reeeptor is loeated in the wall of the small 
intestine to deteet when food is present. In eontrast, most somatie reeeptors are loeated in the skin, 
as shown on the ilhistration. The sensory neuron has the same function in both reflexes: It conducts 
the impiilse from the reeeptor to the integrating eenter. 

Proeessing involves the integrating eenter, which is gray matter in either the spinal eord or the 
brain. This is where the input is eonneeted to the output. In the ilhistration, both reflexes have an 
interneuron that eonneets the sensory input to the motor output. 

The biggest differenee between somatie and autonomic reflexes is seen in the output. The auto- 
nomie reflex uses two motor neurons—a preganglionie fiber and a postganglionie fiber, as opposed to 
the single neuron in a somatie reflex. This introduces an additional structure ealled a ganglion. 

Finally, the effeetor is also different. In somatie reflexes skeletal muscle is the only effeetor. An 
autonomic reflex, has three different types of effeetors: smooth muscle, eardiae muscle, or glands. 
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NERVOIIS SYSTEM—Autonomic Nervous System (ANS) 


Autonomic Reflexes Compared to Somatie Reflexes 
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NERVOIIS SYSTEM—Autonomic Nervous System (ANS) 


Sympathetie Division (SD) of the ANS 


Deseription 


Study Tip 
Analogy 


Summary 


The autonomic nervous system (ANS) eontrols involuntary aetivities such as digestion and heart rate. 
It is sribdivided into two divisions: sympathetie (SD) and parasympathetie (PD). These two divisions 
work together to regulate normal functions and maintain homeostasis. Eaeh division has its own groups 
of nerves that eonneet to the major viseeral organs in the body. But there are some exceptions. For 
example, the adrenal gland is eontrolled only by the SD because the PD has no nerves eonneeted to it. 

This module gives an overview of the SD, also referred to as the thoracolumbar division , as motor out^ 
put arises from these seetions of the spinal eord. Because it prepares the body for emergeney situations, 
it is nieknamed the “fight-or-flight” system. Consider what happens when you get nervous before a test 
that you are not prepared to take. Your heart rate inereases, your pupils dilate, your breathing rate 
inereases, and your palms perspire. All these are a direet result of your sympathetie division in aetion. 

The SD has a more complex anatomieal structure than the PD. The illustration on the faeing 
page shows only the motor output to the effeetor. The nerves involved are like the eleetrieal wiring 
in a house. They eonsist of a preganglionie neuron linked to a postganglionie neuron. Preganglionie 
neurons arise from the T1-L2 segments of the spinal eord. Notiee that the preganglionie axons are 
quite short, and the postganglionie axons are relatively long. Reeall that ganglia (sing. ganglion) are 
ehisters of neuron eell bodies. The paravertebral ganglia—two eohimns of ganglia like strings of 
beads that run along either either side of the spinal eord—are unique to the SD. As part of this ehain 
are the eervieal ganglia, which eonsist of three parts: superior, middle, and inferior. Postganglionie 
neurons are wired from these hubs to target organs in the head and thoraeie eavity. 

Three other ganglia—all loeated near the abdominal aorta and elassified as the prevertebral 
ganglia are: (1) eeliae, (2) superior mesenterie, and (3) inferior mesenterie. Postganglionie neurons 
arising from these hubs eonneet to all the target organs and glands below the diaphragm. The ANS 
has three possible effeetors: smooth miisele, eardiae muscle, and glands. 

To elarify the illustration, when you see the postganglionie neurons eonneeting to organs, they 
actually are eonneeting to muscle in the walls of these target organs. Notiee that many of the post- 
ganglionie neurons pass through plexuses (sing. plexus ), or neural networks, to link with their target 
organs. 

Sympathetie = Stressfiil. This simple alliteration helps you distinguish the function of the SD from 
the PD. 

Regulating the viseeral organs is like driving a ear. Sometimes you have to 
step on the gas, and other times you have to step on the brake. Most of the 
time, the SD is like stepping on the gas. For example, sympathetie impulses 
sent along the aeeelerator nerve to the heart inerease the heart rate. UnfortU" 
nately, it does not work this way with all organs/glands. There are exceptions 
to this rule. 



Niekname 

Loeation of preganglionie neuron eell bodies: 
Length of preganglionie axon: 

Length of postganglionie axon: 

Loeation of ganglia: 

N eurotransmitters: 


Fight-or-flight system 

T1-L2 regions of spinal eord ( thoracolumbar) 

Short 

Long 

Near the spinal eord 

Preganglionie neurons seerete aeetyleholine (ACh). 
Postganglionie neurons seerete norepinephrine (NE). 
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NERVOIIS SYSTEM—Autonomic Nervous System (ANS) 

Sympathetie Dívision (SD) of the ANS 


Cervical 

ganglia 


Postganglionie 
fibers to 
blood vessels, 
svveat glands, 
arreetor pili 
muscles, and 
adipose tissue. 


Motor 

Output 

to 

Effeetor 



Preganglionie neurons 
Postganglionie neurons 



Paravertebral 

ganglion 



Highlight the different 
pathways to 
different effeetors. 


Llrinary 

bladder 


Uterus 


festis 
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NERVOIJS SYSTEM—Autonomic Nervous System (ANS) 


Parasympathetie Divisíon (PD) of the ANS 


Deseription 


Study Tip 
Analogy 


Summary 


The autonomic nervous system (ANS) eontrols involuntary aetivities such as digestion and heart 
rate. It is sribdivided into two divisions: sympathetie (SD) and parasympathetie (PD). These two 
divisions work together to regulate normal functions and maintain homeostasis. Eaeh division has its 
own groups of nerves that eonneet to the major viseeral organs in the body. But there are some 
exceptions. For example, the laerimal gland is eontrolled only by the PD, as the SD has no nerves 
that eonneet to it. 

This module gives an overview of the PD—termed as the eraniosaeral division, as motor output 
arises from some eranial nerves and from the saeral region of the spinal eord. Because the PD is most 
aetive when the body is at rest, it is nieknamed the “resting and digesting” system. Consider what 
happens when you lie down on the couch after eating a heavy meal. Your digestive function inereases, 
pupils eonstriet, heart rate deereases, breathing rate deereases, and blood pressure deereases. All of 
these illustrate your parasympathetie division in aetion. 

The PD has a simpler anatomieal structure than the SD. The illustration on the faeing page 
shows only the motor output to the effeetor. The nerves involved are like the eleetrieal wiring in a 
house and eonsist of a preganglionie neuron linked to a post-ganglionie neuron. Preganglionie 
neurons arise from the following eranial nerves (CN): III (oculomotor), VII (faeial), IX (glosso- 
pharyngeal), and X (vagus) In the saeral region of the spinal eord, preganglionie neurons arise from 
S2-S4 to beeome the pelvie nerves, which eonneet to target organs in the pelvie region. 

As a general rule, the preganglionie axons tend to be quite long while the postganglionie axons are 
relatively short. Reeall that ganglia (sing. ganglion) are clusters of neuron eell bodies. Four important 
ganglia are loeated in the head, where preganglionie neurons link to postganglionie neurons: (1) eiliary, 
(2) pterygopalatine, (3) submandibular, and (4) otie. These major hubs eonneet to target organs in the 
head, such as the eye, laerimal gland, and salivary glands. The ANS has three possible effeetors: smooth 
muscle , eardiae muscle , and glands. To elarify the illustration, when you see postganglionie neurons eon- 
neeting to organs, they actually are eonneeting to muscle tissue in the walls of these organs. 

The most important nerve in the PD is the vagus nerve (CN X) because it accounts for as much 
as 80% of all the preganglionie axons in the PD. It innervates all the thoraeie organs and most of the 
abdominal organs. Notiee that it runs through plexuses (sing. plexus ) or neural networks to link with 
all its target organs. 


Parasympathetie = Peaceful. This simple alliteration helps you distinguish the function of the SD 
from the PD. 


Regulating the viseeral organs is like driving a ear. Sometimes you have to step 
on the gas, and other times you have to step on the brake. Most of the time, the 
PD is like stepping on the brake. For example, parasympathetie impulses sent 
along the vagus nerve to the heart deerease the heart rate. Unfortunately, it 
does not work this way with all organs/glands. There are exceptions to this mle. 

Niekname “Resting and Digesting ,í system 

Loeation of preganglionie neuron eell bodies: Brainstem and S2-S4 regions of spinal eord 

( eraniosaeral) 



Length of preganglionie axon: 
Length of postganglionie axon: 
Loeation of ganglia: 

N eurotransmitters: 


Long 

Short 

Usually near or within the wall of the target organ 

Preganglionie neurons seerete aeetyleholine (ACh). 
Postganglionie neurons seerete aeetyleholine (ACh). 
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NERVOIIS SYSTEM—Autonomic Nertfous System (ANS) 


Parasympathetie Dívision (PD) of the ANS 


Motor 

Output 

to 

Effeetor 


Laerimal 



Preganglionie neurons 
Postganglionie neurons 


Spinal 

eord 


Esophagus 



Stomaeh 


Kidney 


Highlight CN X (Vagus nerve) 
and all its branehes 
O one eolor to 
ÁY emphasize its 
importanee. 


LJrinary 

bladder 


Uterus 


Penis 
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NERVOIJS SYSTEM—Autonomic Nervous System (ANS) 

ANS Neurotransmítters and Their Reeeptors 


Deseription 


The autonomic nervous system (ANS) uses reflexes to regulate many of the unconscious aetivities we 
take for granted, such as digestive aetivities, heart rate, and pripillary responses. These responses are 
induced by speeifie neurotransmitters eombining with speeifie reeeptors. The three major neLirotrans- 
mitters seereted in the ANS are: aeetyleholine (ACh), norepinephrine (NE), and epinephrine 
(EPI). Aeetyleholine binds to either muscarinic (M) or nieotinie (N) reeeptors, and NE and EPI 
bind to either alpha or beta reeeptors. There are two types of alpha (oe) reeeptors (alpha 1 and alpha 
2) and three kinds of beta ((3) reeeptors (beta 1 , beta 2, and beta 3 ). 

When a neurotransmitter binds to a reeeptor, it induces a response in its target eells. The 
response is determined by which speeifie neurotransmitter eombines with which speeifie reeeptor. For 
example, when NE binds to an alpha 1 reeeptor, it typieally elieits a different response than when NE 
binds to a beta 1 reeeptor. Although there are exceptions to the rule, we ean generalize about the 
different responses that are induced by various neurotransmitter/receptor eombinations. When ACh 
binds to muscarinic reeeptors, for example, it sometimes resiilts in an excitatory response. Other 
times, it results in an inhibitory response. And when ACh binds to nieotinie reeeptors, it usually 
produces an excitatory response. When NE (or EPI) binds to an alpha reeeptor, it usually indLiees an 
excitatory response such as eonstrietion of smooth muscle within blood vessels walls. When NE binds 
to a beta reeeptor, it often induces an inhibitory response such as dilation of the bronehioles in the 
lungs. 


ACh Reeeptors 


NE and EPI Reeeptors 




Color 
the 

neuro- 

transmitters 

and their 
reeeptors 

different 

eolors. 


Cholinergic 
and Adrenergie 
Neurons 


In the ANS, nerve fibers that seerete only ACh are ealled eholinergie neurons, and nerve fibers that 
seerete only NE or EPI are ealled adrenergie neurons. In the parasympathetie division, all the pre- 
ganglionie neurons and post-ganglionie neurons are eholinergie. The ACh released from the pre- 
ganglionie neurons binds to nieotinie neurons in the dendrites of the postganglionie neurons. This 
stimulates the postganglionie neuron, in turn, to release ACh, which binds to imisearinie reeeptors 
in the effeetor (smooth mnsele, eardiae mnsele, or a gland ). 

In the sympathetie division, the preganglionie neurons also are eholinergie, so they release ACh 
into the synapse. The ACh then binds to the nieotinie reeeptors in dendrites of the postganglionie 
neurons. Because all the postganglionie neurons are adrenergie, they release NE, which binds to 
alpha or beta reeeptors in the effeetor. In a speeial ease, the sympathetie division also direetly inner- 
vates hormone"producing eells in the inner medulla of the adrenal gland. The preganglionie neurons 
seerete ACh, which binds to the nieotinie reeeptors in the hormone"producing eells. This stimulates 
the seeretion of both NE and EPI into the blood. These hormones travel through the bloodstream to 
their target eells, which eontain either alpha or beta reeeptors. 
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NERVOIIS SYSTEM—Autonomic Nervous System (ANS) 

ANS Neurotransmitters and Their Reeeptors 


Preganglionie neurons 


Ganglion 


Postganglionie neurons 


Effeetor 

(eardiae muscle, smooth 
muscle, or a giand) 
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Aeetyleholine (ACh) 
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Aeetyleholine (ACh) 



R 


PARASYMPATHETIC Division 


Color the preganglionie neurons, 
postganglionie neurons, and 
neurotransmitters 
different eolors. 
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Preganglionie neurons 



Ganglion 


Postganglionie neurons 


Effeetor 

(eardiae muscle, smooth 
muscle, or a gland) 
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Epinephrine (EPI), 
Norepinephrine (NE) 
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© = Cholinergic neuron M = Muscarinic reeeptor = Alpha reeeptor 

(© = Adrenergie neuron N = Nieotinie reeeptor = Beta reeeptor 
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ENDOCRINE SYSTEM 


Overvíew: Hormone Functíon and Glands 


Deseription 


Along with the nervous system, the endoerine system is one of the great regulators of aetivities in the 
human body. Its major purpose is to maintain homeostasis and to regulate various proeesses such as 
growth and human development. It eonsists of many different glands eontaining speeifie eells that 
synthesize and release ehemieal messengers ealled hormones. These hormones enter the bloodstream, 
where they travel to a speeifie eell ealled a target eell. This target eell has a reeeptor for that speeifie 
hormone. Onee the hormone binds to the reeeptor, it induces a response in that eell. The general 
eoneept of how the endoerine system functions is illustrated below: 


1. Hormone-producing eells within an 
endoerine gland produce a hormone 


3. Hormone passes 
by most body eells 
because they laek 
the proper 
reeeptor 


Endoerine 

gland 


Hormone- 
producing eell 


Hormone 


Bloodstream 


4. Hormone binds only 
to a target eell that 
has a speeial reeeptor 
for the hormone 



2. Hormone is released 
into the bloodstream 
and transported 
all over the body 


Reeeptor 
for hormone 


Target eells 


5. After the hormone binds 
to the reeeptor, it induces 
a response in the target eell 


6. Possible responses 
include: 



Produce a new hormone 
Make a new enzyme 

Inhibit the eell from 
doing a speeifie function 
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ENDOCRINE SVSTEM 


Overview: Hormone Function and Glands 


Anterior 
lobe 




Posterior 
lobe 


Pituitary Gland 
(Anterior lobe: TSH, 
ACTH, GH, PRL, FSH, 
LH, and MSH 
Posterior lobe: OT, ADH) 


Pineal Gland 

(Melatonin) 


Parathyroid 

glands 


Thyroid 

(T3, T4, ealeitonin) 



Cortex 


Adrenal Gland 

(Cortex: eortisol, eortieosterone, 

aldosterone, androgens 

Medulla: epinephrine, norepinephrine) 


Embryo 




Plaeenta 


LJmbilieal 

eord 


Plaeenta 

(Estrogens, 
progestins, HCG) 


Ovary 

(Estrogens, 

progestins, 

inhibin) 



Major endoerine 
glands in the adult 
and their hormones 

Color eaeh gland a different eolor. 


Testis 

(Androgens like 
testosterone, 
inhibin) 
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ENDOCRINE SVSTEM 

Cellular Response to a Steroíd Hormone 


Deseription 


Steroid 

Hormones 


Steroid hormones are lipid-soluble and synthesized from eholesterol. Because they must be transported 
through the watery blood, they need speeial transporters, ealled protein earriers. These earriers also 
prevent hormones from being degraded by enzymes in the blood. Onee the hormones arrive at their 
target eells, they enter the nucleus to stimulate DNA to begin protein synthesis. The effeets of any 
steroid hormone have the following key featiires: 

Slower aetion: They produce a response in hours or days after initial binding of hormone with 
its reeeptor—slower than non-steroid hormone. 

No amplifieation: The effeets produced are proportional to the amount of hormone seereted; 
a greater amount of hormone is needed to induce a response, eompared to a non-steroid, in 
which the effeets of a hormone are amplified by a ehain reaetion. 

Examples of steroid hormones are given in the table below. 


Steroid Hormones 

Site of Seeretion 

Aldosterone 

• Cortisol 

Androgens 
(e.g., testosterone) 

Adrenal glands (cortex) 

Testosterone 

Testes 

• Estrogens 

Progesterone 

Ovaries 


Sequence 


The following sequence of events is a simplified meehanism deseribing how steroid hormones induce 
a response in their target eells, illristrated on the faeing page. Note that thyroid hormones (T 3 and 
T 4 ) use a similar meehanism of aetion. 



The steroid hormone travels through the blood with the help of a protein earrier. After being 
released from this earrier, the hormone diffuses through the plasma membrane, into the eytoplasm, 
and into the nucleus through the nuclear pore. 



Onee inside the nucleus, the hormone binds with its hormone reeeptor to form a hormone 
reeeptor complex. 



The hormone^reeeptor complex binds to a shape-speeifie reeeptor on DNA like a key in a 
loek. 



This stimulates DNA to begin the proeess of protein synthesis. First, DNA makes a eopy of 
itself in the form of a mobile, single"Stranded molecule ealled mRNA (messenger RNA). The 
smaller mRNA is able to leave the nucleus through the nLielear pore and it moves into the 
eytoplasm. 
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The mRNA molecule binds to the ribosome, the protein faetory of the eell. 

The message in mRNA is read by the ribosome, and it links free amino aeids together to form a 
new protein. 














ENDOCRINE SVSTEM 


Cellular Response to a Steroid Hormone 
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ENDOCRINE SVSTEM 

Cellular Response to a Non-Steroid Hormone 


Deseription 


Non-steroid hormones are water-soluble, so they are easily transported through the blood. Many are 
proteeted and transported by protein earriers that prevent them from being degraded by enzymes in 
the blood. Onee the hormones arrive at their target eells, they first bind at reeeptors loeated at the 
eell membrane. This triggers a easeade inside the eell that eventually leads to cellular ehanges. The 
effeets of a non-steroid hormone have the following key features: 

Rapid aetion: They produce a response within seeonds or minutes after the hormone initially 
binds to its reeeptor. 

Amplifieation: The ehain reaetion in the target eell amplifies the effeets of the hormone; a 
little hormone produces a big response. 

Non-steroid hormones ean be subdivided into different ehemieal eategories. The four major sub- 
groups are: 

Proteins—ex: insulin, glucagon, and growth hormone (GH) 

Glyeoproteins—ex: follicle-stimulating hormone (FSH), and hiteinizing hormone (LH) 
Peptides—ex: antidiuretic hormone (ADH) and oxytocin (OT) 

Amino Aeid Derivatives—ex: epinephrine, norepinephrine, and thyroxine (T 4 ) 


Meehanism 



The following sequence of events deseribes one of the meehanisms by which some non-steroid hor- 
mones induce a response in their target eells. These events are illustrated on the faeing page. 

@ The hormone travels through the blood to its target eell, which eontains membrane reeeptors 
for the hormone. 

(2) The hormone binds with the reeeptor to form a hormone-reeeptor complex. This complex is 
referred to as the first messenger because it begins a ehain reaetion within the target eell. 

Many hormone-reeeptor complexes trigger proteins ealled G proteins to be eonverted from an 
inaetive form to an aetivated form. 

The aetivated G protein, in turn, triggers an enzyme ealled adenylate eyelase to beeome aeti- 
vated. The fimetion of adenylate eyelase is to eatalyze the eonversion of adenosine triphosphate 

(ATP) into eyelie AMP (eAMP). 

eAMP aets as an enzyme to eatalyze the eonversion of an inaetive protein kinase into an 
aetivated protein kinase. The function of any kinase is to transfer a phosphate group from one 
substance to another. Note that eAMP is referred to as the seeond messenger because it’s a eritieal 
player in this ehain reaetion and a threshold level is required to finally induce a response in the 
target eell. Also note that eAMP is not the only seeond messenger used within all target eells. 

The aetivated protein kinase transfers a phosphate group from ATP onto a protein. 


© 




(7) The result is a phosphorylated protein. 

The phosphorylated proteins eventrially produce eelhdar ehanges within the target eell. 

The final fate of eAMP is that it is either deaetivated within the target eell or it diffuses out of 
the eell. This ensures that the ehain reaetion stops. 
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ENDOCRINE SVSTEM 


Cellular Response to a Non-Steroíd Hormone 
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ENDOCRINE SVSTEM 

Hormonal Regulation of Blood Glucose Levels 


Deseription 

Regulation of blood glucose levels is eontrolled by two hormones: insulin and glucagon. These two 
hormones are antagonists because they have opposite functions. Insrilin causes blood ghieose levels to 
deerease while ghieagon causes blood glucose levels to inerease. Both hormones are produced by eells 
within the panereas. 

Meehanism 

Let’s examine the meehanism of aetion. The normal level of blood ghieose is about 90 mg/100 ml and 
has to be maintained. Ghieose levels typieally rise after a meal rieh in earbohydrates, such as baked 
potatoes or eorn flakes. These high ghieose levels are deteeted by insulin'secreting eells within the 
panereas. This triggers these eells to seerete more insulin into the blood. As insulin travels through 
the blood, it induces two major responses: 

1. stimulates the storage of excess glucose in the form of glyeogen within the liver and some 
other tissues. 

2. stimulates the uptake of glucose by most body eells. Insiilin binds to reeeptors in the plasma 
membrane, which opens ehannels for glucose to pass through. 

The ghieose then is metabolized to produce large amormts of the energy molecule ATR Insulin 
seeretion stops when blood ghieose levels fall baek to normal levels. 

If you haven’t eaten anything for a long time, your blood ghieose levels fall below normal. This is 
deteeted by glucagomsecreting eells in the panereas. In response to this stimulus, these eells seerete 
glucagon into the blood. Ghieagon targets the liver and some other tissues such as skeletal muscle, 
where glyeogen is stored and stimiilates the eonversion of glyeogen into glucose. The result is that 
the blood ghieose level rises. Ghieagon seeretion stops when blood ghieose rises to normal levels. 
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Hormonal Regulation of Blood Glucose Levels 
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ENDOCRINE SVSTEM 

Hormonal Regulation of Blood Calcium Levels 


Deseription 

Blood calcium levels are regulated by two hormones: ealeitonin (CT) and parathyroid hormone 
(PTH) or parathormone. CT is produced by the thyroid gland, and PTH is produced by the parathyroid 
glands. These two hormones are antagonists because they have opposite functions: CT causes blood 
ealeirim levels to deerease, and PTH causes blood ealeirim levels to inerease. 

Meehanism 

Let’s examine the meehanism of aetion. The normal level of blood ealeirim is in the range of 9-11 
mg/100 ml, which has to be maintained. As calcium-rich foods such as milk, broeeoli, and tofu are 
ingested, blood calcium levels rise. Calcitonin'-producing eells within the thyroid gland sense this, 
and they seerete CT into the blood. CT targets the bone-forming eells ealled osteoblasts within the 
skeletal system. The plasma membranes in osteoblasts eontain reeeptors for CT. Onee CT binds to 
this reeeptor, it triggers the eells to deposit ealeirim salts into bone throughout the skeletal system. 
This causes the blood ealeirim levels to fall. CT stops being produced when blood ealeiiim levels 
return to normal. 

If you haven’t eaten any calcium'rich foods or taken any calcium supplements for a long time, 
your blood calcium levels fall. This is deteeted by the two pairs of parathyroid glands loeated on the 
posterior surface of the thyroid gland, which are stimulated to seerete PTH into the blood. PTH 
targets osteoelasts—bone degrading eells within the skeletal system. Osteoelasts eontain reeeptors for 

PTH. 

Onee PTH doeks at its PTH reeeptor, it stimiilates the osteoelasts to deeompose bone and release 
calcium into the blood. Consequently, the blood ealeiiim level rises. PTH stops being produced when 
blood calcium levels return to normal. 
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Hormonal Regulation of Blood Calcíum Levels 
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ENDOCRINE SVSTEM 

Hypothalamus and the Posterior Pituítary 


Deseription 


The pitiiitary gland ( hypophysis ) is a small but powerful gland loeated at the base of the brain. It 
eonsists of two distinet lobes: anterior lobe ( adenohypophysis ) and posterior lobe (nemohypohysis). 
Because eaeh lobe frmetions differently and produces different hormones, eaeh is presented in a 
separate module. This one highlights the posterior pituitary. 

Surrounding the pituitary is a proteetive poeket of bone ealled the sella turcica of the sphenoid 
bone. The pituitary is nieknamed the “master gland” because it makes many different hormones that 
eontrol the other endoerine glands in the body. But the hypothalamus in the brain actually eontrols 
the pituitary gland with speeifie bundles of neurons. This provides a vital link between the nervous 
system and the endoerine system. The pituitary is eonneeted to the hypothalamus by a slender sterm 
like stmetrire ealled the infundibulum (pitnitary stalk). 


Hormones 

Produced 


The eells in the posterior pituitary do not produce any hormones. Instead, neurons originating in the 
hypothalamus that extend into the posterior pituitary produce, store, and release the following two 
hormones: 

Antidiuretic hormone (ADH) 

Oxytocin (OT) 

In short, both ADH and OT are released by neurosecretion. 


Sequence 


The posterior pituitary eontains a simple eapillary network. The following flowchart indieates blood 
flow through the posterior pituitary: 


Inferior hypophyseal a. 



eapillary network 



Posterior hypophyseal v. 


Meehanism 


Two different clusters of neurons in the hypothalamus produce hormones: the paraventricular nuclei 
and the supraoptic nuclei. The former produces OT, and the latter produces ADH. Eaeh neuron in 
the cluster is a long, slender eell that has a kind of head, and a tail, the eell body, the axon terminal. 

Hormones are produced in the eell body and then stored in membrane-bound ehambers ealled 
vesieles. These vesieles travel through the neurons and into the axon terminals loeated in the posterior 
pitriitary. Nerve impulses trigger the release of these hormones from the axon terminals and into the 
blood. ADH and OT difhise into the eapillary network and exit the pituitary gland via the posterior 
hypohyseal vein. As they travel through the blood, they bind to reeeptors in their target eells and 
induce a response. 

For example, ADH targets eells in the kidney to reabsorb more water into the blood, thereby 
deereasing urine output. OT has multiple targets, one of which is the smooth muscle in the wall of 
the Litems. During ehildbirth, OT is released to trigger the muscular eontraetions needed for labor 
and delivery. 
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ENDOCRINE SYSTEM 


Hypothalamus and the Anteríor Pituitary 


Deseription 


Hormones 

Produced 


Sequence 


Meehanism 


The pituitary gland ( hypophysis ) is a small but powerful gland loeated at the base of the brain. It 
eonsists of two distinet lobes: anterior lobe ( adenohypophysis) and posterior lobe ( neiirohypophysis). 
Because eaeh lobe frmetions differently and prodriees different hormones, eaeh is presented in a 
separate module. This one eovers the anterior pituitary. 

Surrounding the pituitary is a proteetive poeket of bone ealled the sella turcica of the sphenoid 
bone. The pituitary is nieknamed the “master gland” because it makes many different hormones that 
eontrol the other endoerine glands in the body. But the hypothalamus in the brain actually eontrols 
the pituitary gland with speeifie bundles of neurons. This provides a vital link between the nervous 
system and the endoerine system. The pitiiitary is eonneeted to the hypothalamus by a slender stem- 
like stmetrire ealled the infundibulum ( pitnitary stalk). 

Five different types of hormone-producing eells within the anterior pitriitary direetly seerete the 
following seven major hormones: 

Adrenoeortieotropie hormone (ACTH) 

Follicle"Stimulating hormone (FSH) 

Growth hormone (GH) 

Luteinizing hormone (LH) 

Prolaetin (PRL) 

Thyroid"Stimulating hormone (TSH) 

Melanocyte-stimulating hormone (MSH) 

The anterior pituitary relies on a speeialized group of blood vessels eolleetively ealled a portal system. 
The body has two important portal systems: hepatie portal system (in the liver) and the hypophyseal 
portal system ( in the anterior pitnitary ). Portal systems have a primary and seeondary eapillary network 
linked by portal veins. The following flowchart indieates blood flow through the hypophyseal portal 
system: 

Superior hypophyseal artery —► Primary eapillary netvvork —► Hypophyseal portal veins 
—► Seeondary eapillary netvvork —► Anterior hypophyseal veins 


The anterior pituitary eontains a mass of various hormone-producing eells (HPCs), which are 
eontrolled by a group of neurons in the ventral hypothalamus. These neurons ean either stimulate 
or inhibit hormone production by seereting either releasing faetors (RFs) or inhibiting faetors, 
respeetively. Let’s examine the stimiilation proeess. RFs stimiilate the HPCs to seerete hormones. 
Different RFs are needed to make the seven major hormones produced by the anterior pituitary. 
These RFs are prodiieed in the neuron’s eell body and released from the axon terminal. After being 
triggered to be released by a nerve impulse, they diffiise rapidly into the primary eapillary network of 
the portal system and then the hypophyseal portal veins quickly shuttle them into the seeondary 
eapillary network surrounding the HPCs. As the RFs diffuse out of the blood, they immediately bind 
to shape-speeifie reeeptors in the HPC’s plasma membrane, which induces the production of speeifie 
hormones. These hormones then enter the seeondary eapillary network and exit the anterior pitui- 
tary via the anterior hypophyseal vein. As the hormones travel through the blood, they eventually 
bind to reeeptors in their target eells and induce a response. 

For example, a thyroid"Stimulating releasing faetor is needed to stimiilate the seeretion of 
thyroid"Stimulating hormone (TSH). After TSH leaves the anterior lobe via the anterior hypophyseal 
vein, it travels through the blood to all the different organs but binds only at those targets that have 
reeeptors for TSH. As its name implies, TSH targets the thyroid gland to induce the seeretion of 
thyroid hormones such as triiodothyronine (T 3 ) and thyroxine (T 4 ). 
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Hypothalamus and the Anterior Pituítary 
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ENDOCRINE SYSTEM 


The Adrenal Medulla and Catecholamines 


Deseription 


Hormones 

Produced 


Meehanism 


The highly vascular adrenal ( suprarenal) glands are small structures loeated on top of both kidneys. 
They are divided into two major regions: the outer adrenal cortex and the inner adrenal medulla. The 
adrenal cortex constitutes most of the mass of the adrenal glands. Eaeh of these regions eontains 
different types of eells that produce different hormones. This module focuses only on the adrenal 
medulla. Catecholamines are a group of ehemieals that are derived from the amino aeid ealled tyrosine. 
Catecholamine-producing eells (ehromaffin eells ), or CPCs, are loeated within the medulla and are 
direetly stimulated by nerves from the sympathetie division of the autonomic nervous system. Because 
the sympathetie division helps the body respond to stressful situations on its own, the seeretion of 
eateeholamines simply boosts this response. 

The catecholamine-producing eells in the adrenal medulla seerete the following two hormones: 
Norepinephrine (NE) ( noradrenaline) 

Epinephrine ( adrenaline) 

As you ean see from the illustration, they have similar ehemieal structures. In faet, the body is 
able to eonvert norepinephrine into epinephrine with the help of a eonverting enzyme. About 80% of 
the CPCs seerete epinephrine and 20% seerete norepinephrine. 


When faeed with an emergeney or stressful situation, the body reaets in multiple ways that are eoh 
leetively referred to as the fight-or-flight response. Most of these responses are the result of the 
sympathetie nervous system at work, but the release of eateeholamines intensifies this response. For 
example, imagine that you diseover a fire raging through your home. Your body needs to prepare you 
for physieal aetivity so you ean flee the situation and survive. As you reeognize the fire as a danger, 
this conscious thoLight sends a nerve impulse from your eerebral cortex to your hypothalamus in the 
brain. Then an impulse is stimulated along nerve fibers in the brain that eonneet the hypothalamus 
to the spinal eord. The nerve impulse earried along the last nerve eonneets the spinal eord direetly to 
the CPCs in your adrenal medulla. These sympathetie nerves release the neurotransmitter aeetyh 
eholine (ACh), and it binds to ACh reeeptors in the CPCs. After binding, it stimulates the CPCs to 
seerete norepinephrine and epinephrine into the blood. 

Like all hormones, these eateeholamines travel through the blood like ears on the highway. Their 
final destination—target eells—eontain reeeptors for eateeholamines. The binding of the hormone 
to its reeeptor in the various target eells produces the following responses: 


® The heart rate inereases (helps raise blood pressure) 

(2) The blood vessels eonstriet (helps raise blood pressure) 

The bronehioles dilate. 

(?) The liver eonverts glyeogen to glucose (to inerease blood glucose levels). 



All these responses are for the purpose of helping you flee the burning house. To run away from 
the fire, more blood will have to flow to your skeletal muscles to deliver more glucose and oxygen to 
the muscle eells. These nutrients will provide energy for muscle eontraetion as you flee. The folloW' 
ing responses also occur (not inehided in the ilhistration): 

Metabolie rate inereases. 

Urine output deereases. 

Blood is redireeted from the digestive system toward the brain, skeletal muscles, and heart. 
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ENDOCRINE SVSTEM 


The Adrenal Medulla and Catecholamines 
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ENDOCRINE SYSTEM 


fhe Adrenal Cortex: Aldosterone 


Deseription 


The highly vascularized adrenal ( suprarenal ) glands are small structures loeated on top of both kidneys. 
They are divided into two major regions: the outer adrenal cortex and the inner adrenal medrilla. 
The adrenal cortex constitutes most of the mass of the adrenal glands. Eaeh of these regions eontains 
different types of eells that produce different hormones. This modiile focuses on one aspeet of the 
adrenal cortex, namely, its role in producing the hormone aldosterone. 


Hormones 

Produced 
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The adrenal cortex is divided into three different zones, eaeh with its own 
hormone'producing eells. The first zone in the outer cortex is ealled the Zona 
glomemlosa. Various eells in this region seerete a group of hormones ealled 
mineraloeortieoids. They are so named because they affeet mineral homeostasis 
(such as Na + and K + ) and eome from the cortex of the adrenal gland. Of this 
group, aldosterone is the most potent and physiologieally signifieant, so we will 
foeiis on its meehanism of aetion. 


Meehanism 
and Analogy 


Aldosterone eontrols the levels of Na + (sodirim) and K + (potassium) ions in extracellular fluids 
(such as the blood). The net result of its aetion is to reabsorb Na + ions into the blood and simLiltane- 
OLisly excrete K + ions into the urine. Because “water follows the ions,” as Na + is reabsorbed, water 
also is reabsorbed. 

@ As shown in the ilhistration, two types of stimrili stimrdate aldosterone release: 

1. a deerease in Na + levels in the plasma or an inerease in K + levels, and 

2. a deerease in blood volume and/or blood pressure. 

The kidneys deteet these stimuli and cause a ehemieal ehain reaetion referred to as the 
renin-angiotensin-aldosterone (RAA) meehanism. 

This is the most important pathway to trigger aldosterone release of which the details are 
discussed in another module (see p. 442). In short, eertain eells in the nephrons of the kidney 
are stimulated to release an enzyme ealled renin into the blood. This eventually leads to the 
aetivation of a hormone ealled angiotensin II, which stimulates seeretory eells in the adrenal 
cortex to release aldosterone into the blood. The primary targets for aldosterone are the renal 
tubules in the nephrons of the kidneys. The response is that protein transporters reabsorb 
sodium and excrete potassium. Because water also is reabsorbed, this leads to an inerease in 
blood volrime and a eorresponding inerease in blood pressure. As blood pressure returns to 
normal, it shuts off the RAA meehanism. 

(2) Changes in plasma levels of either Na + or K + also ean direetly stimulate the seeretory eells in 
the adrenal cortex to release aldosterone. Of these two ions, the seeretory eells are more sensitive 
to ehanges in K + . 
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ENDOCRINE SVSTEM 


The Adrenal Cortex: Aldosterone 
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ENDOCRINE SVSTEM 

The Adrenal Cortex: Cortisol and Stress 


Deseription 


The adrenal (snprarenal) glands, loeated on top of both kidneys, are divided into two major regions: 
the outer adrenal cortex and the inner adrenal medulla. Eaeh of these regions eontains different types 
of eells that produce different hormones. This module focuses on the role of the adrenal cortex, 
producing the hormone eortisol. 


Hormones 
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The adrenal cortex is divided into three different zones, eaeh with its own hormone- 
producing eells. The seeond zone in the middle of the cortex is ealled the Zona 
faseieiilata. Various eells in this region seerete a group of hormones ealled glua> 
eortieoids—so named because they affeet gliieose homeostasis and eome from the 
cortex of the adrenal gland. This group eonsists of the following three hormones: 
eortisol, eortieosterone, and eortisone. Of these three, eortisol is the most abimdant 
and potent. Because it accounts for nearly all the hormonal aetivity here, we will 
examine its meehanism of aetion. 


Meehanism 


We ean’t live without glucocorticoids, because they help us maintain normal blood glucose levels, 
normal blood voliime, and resistanee to stress—to name just a few functions. First let’s examine how 
eortisol is seereted, then the responses it produces. Cortisol follows a predietable daily eyele, in which 
its levels peak after we awake in the morning and dip to their lowest point after we fall asleep at 
night. This eyele is regulated by a negative feedbaek loop. As blood levels of gkieoeortieoids fall, this 
stirmilates neurons in the hypothalamus to seerete CRH (eortieotropimreleasing hormone) into the 
blood. CRH targets eells in the anterior pituitary and stimulates them to seerete ACTH (adreno- 
eortieotropie hormone). As ACTH travels through the blood, it targets eells in the adrenal cortex to 
seerete eortisol. As eortisol travels to its target eells in the body, it induces the following responses: 

1. Protein breakdown: Proteins are broken down into amino aeids (mostly in skeletal muscle). 
These amino aeids enter the blood and travel to body eells, where they ean be used to either 
make new proteins or be used to produce ATP. 

2. Gluconeogenesis: This is the proeess that occurs in liver eells where a non-earbohydrate 
such as an amino aeid or laetie aeid is eonverted into glucose. The gliieose then is used by 
body eells to produce ATP. 

3. Lipolysis: This is the proeess of taking triglyeerides stored in adipose tissue and eonverting 
them into fatty aeids and glyeerol. Cells ean then use the glyeerol and fatty aeids to produce 

ATP. 

4. Stress resistanee: The ghieose produced by liver eells in ghieoneogenesis allows body eells to 
produce ATP. This supply of ATP enables the body to battle many difíerent stresses. 

Stress also triggers the release of eortisol. Chronic stress ean lead to elevated levels of eortisol, 
and this ean affeet your health negatively. This leads to depression of the immime system. As a result, 
wounds may take longer to heal and you may be more susceptible to eontraeting a vims such as the 
eommon eold. 
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ENDOCRINE SYSTEM 


The Adrenal Cortex: Cortisol and Stress 
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ENDOCRINE SYSTEM 


fhe Adrenal Cortex: Sex Steroids 


Deseription 


Hormones 

Produced 


The highly vascularized adrenal ( suprarenal ) glands are small structures loeated on top of both kidneys. 
They are divided into two major regions: the outer adrenal cortex and the inner adrenal medulla. The 
adrenal cortex constitutes most of the mass of the adrenal glands. Eaeh of these regions eontains 
different types of eells that produce different hormones. This module foeiises on one aspeet of the 
adrenal cortex—its role in producing the maseiilinizing hormones ealled androgens (andros — male 
human being). 

The adrenal cortex is divided into three different zones, eaeh with its own hormone"producing 
eells. The innermost zone is ealled the Zona reticularis. Various eells in this region seerete a group 
of male sex steroids ealled androgens. The most potent type of androgen is testosterone. Like all 
steroidal hormones, it is derived from eholesterol. 
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Meehanism 


Testosterone is produced by the testes in the male at high levels during puberty and adulthood. The 
adrenal cortexes of both sexes produce small amounts of an androgen ealled dehydroepiandrosterone 
(DHEA). This is eonverted into testosterone by other tissue eells. At the onset of puberty, testos- 
terone triggers similar responses in both sexes, such as an inerease in rmdenarm hair and pubic hair. 
But in the male, the amount of testosterone produced by the adrenal glands is insignifieant eompared 
to the quantity produced by the testes. So let’s focus on the responses that testosterone produces in 
the female throughout her lifetime: 



Development of iinderarm and pubic hair—occurs before puberty 
Triggers the growth spurt—also occurs before puberty 
inereases the sex drive—occurs in the adult female 

Conversion into estrogens—post"menopausal women eonvert testosterone into estrogens 
(female sex hormones). 


Details of the meehanism by which the adrenal glands produce androgens is not well understood. 
Production seems to be stimulated by adrenoeortieotropie hormone (ACTH), which is seereted by 
the anterior pituitary. 
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ENDOCRINE SYSTEM 

The Adrenal Cortex: Sex Steroids 
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SPECIAL SENSES—Vision 

Eye—External Structure 


Deseription 


The eyeball rests in the orbit in the skull and is stirrotinded by fatty tissue. Six major muscles eontrol 
the movement of the eyeball: 


Muscle Name 

Aetion 

Superior rectus 

Elevates eye 

Inferior rectus 

Depresses eye 

Medial rectus 

Moves eye medially 

Lateral rectus 

Moves eye laterally 

Superior oblique 

Depresses eye and laterally rotates eye 

Inferior oblique 

Elevates eye and laterally rotates eye 


Study Tip 


The laerimal gland produces tears that are spread aeross the surface of the eye during blinking. The 
tears accumulate in a pooling area ealled the medial canthus. Then they enter openings ealled the 
superior laerimal punctum and the inferior laerimal punctum, which lead to passageways ealled the 
superior laerimal caniculus and the inferior laerimal caniculus. From here they travel to the 
laerimal sae and down the nasolaerimal duct and are drained into the nose. This explains why your 
nose runs when you are erying heavily. 

The Laerimal gland is loeated on the Lateral side of the eyeball. Use it as a landmark. 



Key to llliistration 

1. Superior laerimal punctum (opening) 

8. Superior oblique muscle 

2. Superior laerimal caniculus 

9. Superior rectus muscle 

3. Laerimal sae 

10. Lateral rectus muscle 

4. Inferior laerimal punctum (opening) 

11. Inferior oblique muscle 

5. Inferior laerimal caniculus 

12. Inferior rectus muscle 

6. Nasolaerimal duct 

13. Medial rectus muscle 

7. Opening of nasolaerimal duct 
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SPEOIAL SENSES—Vislon 

Eye—External Structure 


Laerimal 

gland 


Troehlea 


Levator palpebrae 
superioris muscle 
(cut) 



13 


Inferior 

nasal 

eoneha 


Laerimal apparatus 


Eyeball 

anterior view 


1. 

2 . 

3 . 

4 . 

5 . 

6 . 


7 . 

8 . 
9 . 

10 . 

11 . 

12 . 

13 . 


Note: 

Arrows 
indieate 
the direetion 
the eye 
will move 
when a 
muscle is 
eontraeted. 


Optie nerve 



Troehlea 


° °o 0 -° 

0°Oo° 


Eyeball in orbit 

lateral view 


o°o 0 0 

O 0<Ò o 
0 Oo 
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SPECIAL SENSES—Vision 

Eye—Internal Structure 


Deseription 


Analogy 
Study Tip 


The eye is divided into three tunics or sheaths: fibrotis tunic, vascular tunic, and neural tunic. The 
fibrous tunic is a thiek, tough layer of eonneetive tissue and eonsists of the selera (<white of the eyeball) 
on its posterior portion and beeomes the transparent eornea on its anterior portion. The eornea is 
cup'shaped and filled with a liquid ealled aqueous humor. The vascular tunic eonsists of the vascular, 
dark brown ehoroid eoat on its posterior portion, which beeomes the eiliary body, and the iris (eolored 
part ofthe eye) on its anterior portion. 

The lens of the eye is held in plaee by suspensory ligaments that anehor it to the eiliary body. 
When the smooth muscle in the eiliary body eontraets, it ean ehange the shape of the lens, allowing 
the eye to focus on near versus distant objeets. The iris eovers the front of the lens. In the eenter of 
the iris is a hole ealled the pupil, which allows light to enter the eye. Dilation and eonstrietion of the 
pupil eontrols the amount of light that enters the eye. The neural tunic is the retina and eovers only 
the posterior portion of the eye. This thin layer eontains photoreeeptors ealled eones and rods. Rods 
help us see in low4ight situations, and eones help us see eolor and give us sharper, elearer images. 

Filling the posterior eavity of the eye is a jellydike sribstanee ealled vitreous humor. It maintains 
the normal shape of the eyeball. On the baek of the retina is a small dise ealled the macula lutea, 
which eontains eones but no rods. At the eenter of this structure is a shallow depression ealled the 
fovea eentralis, which has the highest eoneentration of eones and gives us our sharpest vision. In 
eontrast, the one region of the retina that laeks photoreeeptors is ealled the optie dise (blind spot). No 
images form here. It is loeated where the optie nerve leaves the eye. 

The macula lutea is like a target and the fovea eentralis is like the bullseye. 

To reeall the order of the layers in the baek of the eye, use the mnemonie: Seared Cats Run. This 
indieates the layers from outermost to innermost or Selera, Choroid, Retina. 


Key to llliistration 

1. Iris 

9. Oiliary body 

2. Cornea 

10. Posterior eavity (filled with vitreous humor) 

3. Edge of pupíl 

11. Oentral vein 

4. Lens 

12. Oentral artery 

5. Anteríor ehamber (filled with aqueous humor) 

13. Optie nerve 

6. Posterior ehamber (filled with aqueous humor) 

14. Fovea eentralis 

7. Anterior eavity 

15. Macula lutea 

8. Suspensory ligaments 

16. Optie dise (blind spot) 
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SPECIAL SENSES—Vislon 


Eye—Internal Structure 



Color all the different 
layers different eolors. 


To reeall the layers on 
the posterior portion of 
the eyeball: 



Choroid 


Selera 


Retina 


Seared 


Selera 

Cats 

— 

Choroid 

Run! 


/?etina 


The maeiila lutea is 
like the target and the 
fovea eentralis is the 
bullseye. 



Blood vessels 
in ehoroid eoat 


1 ._ 9 . 


2 . 

10 . 

3 . 

11 . 

4 . 

12 . 

5 . 

13 . 

6 . 

14 . 

7 . 

15 . 

8 . 

16 . 
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SPECIAL SENSES—Hearing/Equilibrium 

Ear—General Structure 


Deseription 



The ear is divided into three regional areas: external ear, middle ear, and inner ear. The external ear 
extends from the ear itself to the tympanie membrane. The auricle is made of elastie eartilage and 
direets sound waves into the external auditory meatus. At the end of this passageway is the delieate 
tympanie membrane or eardmm. This eone-shaped eonneetive tissue vibrates when sound waves 
strike it. 

The middle ear is an air-filled spaee that extends medial to the tympanie membrane and up to 
the inner ear. It eontains three ear ossieles: malleus, incus, and stapes. These bones aet as a lever 
system to both transmit and amplify sound waves from the tympanie membrane to the inner ear. The 
auditory tube, or Eustachian tube, eonneets the middle ear to the nasopharynx. Because this tube is 
short and horizontal in ehildren it is easier for baeteria to enter the middle ear, eatising middle ear 
infeetions. The function of this tube is to equalize pressure on both sides of the tympanie membrane. 

The inner ear is a bony complex of fhiidTilled ehambers that eontain reeeptors for both hearing 
and equilibrium. The reeeptors for equilibrium are loeated in the semicircular eanals, and those for 
hearing are loeated in the eoehlea. As the ear ossieles vibrate, they transfer vibration to the oval 
window of the inner ear. This sends a shoek wave through fluid-filled ehambers within the eoehlea, 
which are eventually dissipated out through the round window to the air in the tympanie eavity. 
This vibration stimulates hair eells in the organ of Corti. 

Eaeh hair eell is linked to a nerve fiber. The hair eell transforms this meehanieal, vibrational 
foree into an eleetrieal stimulus that earries nervous impiilses along the eoehlear nerve braneh to the 
temporal lobe in the eerebmm, where it is interpreted as sound. 

The tympanie membrane looks like the eones on a stereo speaker. The malleus looks like a hammer, 
the incus looks like an anvil, and the stapes looks like a stirrup. The eoehlea of the inner ear looks 
like a snail shell. 




Key to llliistration 

1 . 

Auricle 

18. 

Posterior semicircular eanal 

2. 

Lobule 

19. 

Stapes in oval window 

3. 

External auditory meatus 

20. 

Round window 

4. 

Tympanie membrane 

21. 

Organ of Oorti 

5. 

Tympanie eavity 

22. 

Ooehlear duct 

6 . 

Malleus 

23. 

Saccule 

7. 

lncus 

24. 

LJtriele 

8. 

Stapes 

25. 

Vestibular duct 

9. 

Eustachian (auditory) tube 

26. 

Ooehlear duct 

10. 

Semicircular eanals 

27. 

Tympanie duct 

11. 

Vestibular braneh of auditory nerve 

28. 

Teetorial membrane 

12. 

Faeial nerve 

29. 

Stereoeilia 

13. 

Ooehlear braneh of auditory nerve 

30. 

Outer hair eells 

14. 

Ooehlea 

31. 

Supporting eells 

15. 

Anterior semicircular eanal 

32. 

Basilar membrane 

16. 

Semicircular ducts 

33. 

Inner hair eell 

17. 

Lateral semicircular eanal 

34. 

Nerve fibers of eoehlear nerve 


266 
















SPECIAL SENSES—Hearing/Equilibrium 


Ear—General Structure 



Malleus 


looks like 
a hammer. 





Incus looks 
like an anvil 


The tympanie membrane 

looks like the eones 
on a stereo speaker 
and vibrates like it too. 


Stapes looks 
like a stirmp. 


Cochlea looks 
like a snail shell 



Inner Ear 

internal view 


Organ of Corti 



Nerve 

fibers 


Cochlea 

eross-seetion 


267 































































SPECIAL SENSES—Taste 

Tongue to Taste Buds 


Deseription 



The surface of the tongue is eovered with many small epithelial projeetions ealled papillae. There are 
three different types of papillae: filiform, fungiform, and circumvallate. The filiform papillae are 
loeated on the tip of the tongue; the fungiform papillae are loeated posterior to the filiform; and the 
circumvallate papillae are found in a “V” shaped strip along the posterior margin of the tongue. 

Taste buds are loeated along the sides of the papillae. Eaeh type of papilla eontains a different 
niimber of taste buds. In total, the average adult has about 10,000 taste buds but this number 
deereases with age. A taste bud is eomposed of two different types of eells—gustatory (taste) eells and 
supporting eells. 

The gustatory eells are modified neurons that have mierovilli (taste hairs) that protmde onto the 
surface of a papilla. Chemicals in food bind at reeeptors in these mierovilli, which trigger a nervous 
impiilse in the gustatory eells. This follows a nerve pathway to the gustatory cortex in the eerebmm 
of the brain, where the taste is interpreted. 

The fungiform (/ungus, mushroom) papilla is dome-shaped like a mushroom eap, and the filiform 
( filum , thread) papilla looks like a flame. 




Key to llliistration 



1. 

Epíglottis 

5. Lingual tonsil 

9. 

Taste bud 

2. 

Palatopharyngeal areh 

6. Circumvallate papilla 

10. 

Gustatory (taste) eells 

3. 

Palatine tonsil 

7. Fungiform papilla 

11. 

Supporting eells 

4. 

Palatoglossal areh 

8. Filiform papilla 

12. 

Mierovilli (taste hairs) 
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SPEOIAL SENSES—Taste 

Tongue to Taste Buds 


1 




Stratified squamous 
epithelium 


Color the 

different 

papillae. 


Looks like 
a flame 



Taste Buds 



1 . 

2 . 

3 . 

4 . 

5 . 

6 . 


7 . 

8 . 
9 . 

10 . 

11 . 

12 . 
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SPECIAL SENSES—Olfaetion 

Sense of Smell 


Deseription 


Olfaetion refers to the sense of smell. Let’s follow what occurs when you smell a cup of eoffee. 
As you inhale air through the nostrils it enters the nasal eavity and the nasal eonehae produce 
turbulent airflow. This disperses the air and delivers aromatie moleerdes to the two olfaetory organs 
loeated on the roof of the nasal eavity. These small organs are eoated with a thiek layer of mucus 
produced by the olfaetory glands. The aromatie moleeiiles diffuse through this mucus and bind to a 
reeeptor in the numerous olfaetory eilia. These eilia are extensions of modified neurons ealled 
olfaetory reeeptor eells. 

Onee the aromatie molecule binds to the reeeptor, it triggers a nervous impulse in the olfaetory 
reeeptor eell. As this impulse travels along the eell, it passes through the olfaetory foramen in the 
eribriform plate of the ethmoid. Then it reaehes the olfaetory bulb, which is the terminal portion of 
the first eranial nerve. Within the olfaetory bulb, the olfaetory reeeptor eell forms synaptie eonneetions 
with other neurons. The impiilse is transferred to these neurons and continues down the olfaetory 
traet. Finally, the impulses are earried to the appropriate olfaetory interpretation areas in the brain. 
These inelride regions in both the frontal and the temporal lobes of the eerebmm. 




Key to lllustration 



1 . 

Olfaetory bulb 

4. Supporting eells 

8. 

Lamina propria 

2. 

Olfaetory traet 

5. Olfaetory foramen 

9. 

Olfaetory epithelium 

3. 

Olfaetory reeeptor eells 

6. Oribriform plate of ethmoid 

10. 

Mucous layer 


(neurons) 

7. Olfaetory gland 

11. 

Olfaetory eilia 
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SPECIAL SENSES—Olfaetion 

Sense of Smell 


7 


Neuron 


Note: 

Large arrovvs 
indieate 
direetion 
of nervous 
impulse. 



Pituitary 

gland 


Sphenoidal 

sinus 


Opening to 
auditory tube 


Note: Small arrovvs 
indieate direetion 
ofairflovv. 
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BLOOD 


Cell Types 


Deseription 


Blood is a speeialized type of eonneetive tissue because it eontains eells, fibers, and a liquid groimd 
substance. It is eomposed of two major parts: plasma and formed elements. The plasma is a straw^ 
eolored fluid that eontains mostly water, proteins, and other solutes. The formed elements eonsist of 
the following blood eells and eell fragments seattered in the plasma: erythroeytes (red blood eells ), 
leukocytes (white blood eells ), and thromboeytes ( platelets ). 


Formed 
E lements 
of Blood 


Cell 

Deseription 

Function 

Erythroeytes 

(red blood eells) 

Comprise 99.9% of all blood eells; 
bieoneave dises; no nucleus in mature eell; 
filled with the protein hemoglobin 

• Transport 0 2 from lungs to body eells 

• Transport C0 2 from blood to lungs 

Leukocytes 

(white blood eells) 

Less than 0.1 % of all blood eells; 5 different 
types; some have granules in eytoplasm, 
others do not; nucleus present in all types 

• Fight against pathogens such as 
baeteria and viruses 

Thromboeytes 

(platelets) 

Less than 0.1 % of formed elements; eell 
fragments; no nucleus; eontain enzymes 

• Involved in blood elotting 




Spins in a centrifuge 
to separate out 
eomponents 


Tube of 
whole blood 
taken from patient 




Color the 
plasma yellow and 
the erythroeytes red. 


Plasma 

( 55 %) 

Buffy eoat: 
leukocytes 
and platelets (< 1%) 

Erythroeytes 

( 45 %) 


Tube of 
centrifuged 
blood 



Key to llliistration 


1 . Erythroeytes (red blood eells) 

Leukocytes (white blood eells) 



2. Monoeyte 

5. Eosinophil 


3. Lymphoeyte 

6. Basophil 


4. Neutrophil 

7. Thromboeytes (platelets) 
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BLOOD 


Cell Types 


Blood 

vessel 



6 . 


5. 
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BLOOD—Leukocytes 

Ranking the Leukocytes from Most Common to Least Common 


Deseription 


Leukocytes (<white blood eells, or WBCs) are divided into two groups: gramiloeytes and agranulocytes. 
The granulocytes all eontain granules in the eytoplasm of the eell and ineliide neutrophils, 
eosinophils, and basophils. The agramiloeytes have no granules in the eytoplasm and include 
monoeytes and lymphoeytes. 

The general function of all leukocytes is to defend against various pathogens such as baeteria and 
vimses. 


$tudy Tip 


To rank the leukocytes from most eommon to least eommon, use the following mnemonie: Never Let 
Monkeys Eat Bananas. This gives you the eorreet order: Neutrophils, Lymphoeytes, Monoeytes, 
Eosinophils, and Basophils. 


Features and 
Functions 
of l/l/BCs 


Granulocyte 

Features / Comments 

Functions 

Neutrophil 

Nucleus has 3-5 lobes; eontains least amount 
of granules; named after the faet that granules 
are neutral —do not stain well. 

Phagoeytie eell; engulfs baeteria and 
debris in tissues. 

Eosinophil 

Nucleus usually has 2 lobes; large granules 
that stain brightly; named after dye used to 
stain granules —eosin dye. 

Phagoeytie eell; fights parasitie infeetions; 
engulfs anything labeled with antibodies; 
reduces inflammation. 

Basophil 

Nucleus usually masked by deep purple/blue 
granules; eontains the most granules; named 
after the basie stain used to stain granules— 
hematoxylin. 

Assists in damaged tissue repair by 
releasing histamine from granules. 


Agranulocyte 

Features / Comments 

Functions 

Lymphoeyte 

Round nucleus takes up nearly entire eell 
volume; slightly larger than RBC. 

Part of immune response; defend against 
pathogens or toxins. 

Monoeyte 

Largest WBC; nucleus varies from horseshoe 
to kidney shape; nucleus takes up about half 
of eell volume. 

Phagoeytie eell; engulfs pathogens and 
debris in tissues. 
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BLOOD—Leul<ocyte$ 


Ranking the Leukocytes from Most Common to Least Common 


My Drawing 
of the WBCs 


Ne utrophil 




^ 0 - 76 : 


% of all WBCs 


l-ymphoeyte 




20-25 


% of all WBCs 




M 


onoeyte 


E osinophil 


Oasophil 





% of all WBCs 





% of all WBCs 





% of all WBCs 



Use the following mnemonie 
to rank leukocytes from 
most to least eommon: 


/Vever 

Let 

/Wonkeys 

Eat 

Sananas 
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CARDIOVASCULAR SVSTEM 

Overvíew 


Deseription 


The cardiovascular system eonsists of the heart and all the blood vessels. Functionally, the heart is 
like a double pump. It eonsists of two reeeiving ehambers ealled atria and two pumping ehambers 
ealled ventrieles. The left side of the heart ahvays pumps oxygenated blood while the right side 
always pumps deoxygenated blood. 

The illiistration on the faeing page shows blood flow through the heart, through the pulmonary 
circuit and through the systemie circuit. The piilmonary circuit refers to all the blood vessels that 
take deoxygenated blood from the right ventriele of the heart to the lungs and then return oxygenated 
blood to the left atrium. After this oxygenated blood is pumped from the left atririm to the left 
ventriele, it is pumped out to the rest of the body. The blood vessels that transport this oxygenated 
blood to the body are part of the systemie circuit. 

All gas exchange occurs within eapillaries. Capillaries are mieroseopie blood vessels that are only 
one eell layer in thiekness. Their wall is made of simple squamous epithelium. These flat eells easily 
permit the diffusion of gases such as oxygen (O z ) and earbon dioxide (CO z ). Oxygen diffuses out of 
the blood and into body eells to be used in the proeess of eelhilar respiration. Carbon dioxide is a 
normal byproduct of eelliilar respiration and gradually builds up within body eells. Carbon dioxide 
diffrises from the body eells into the eapillary. 

Beginning in the right atriiim, this is a flowchart for the blood flow: 


Right atrium (1) —► tricuspid valve (2) —► right ventriele (3) —► 
pulmonary semilunar valve (4) —► pulmonary trunk (5) —► 
pulmonary arteries (6) —► lungs —► pulmonary veins (7) —► left atrium (8) 
bicuspid valve (9) —► left ventriele (10) —► aortie semilunar valve (11) —► 
aseending aorta (12) —► aortie areh (13) —► deseending aorta (14) —► 
inferior vena eava (15) and superior vena eava (16) —► right atrium (1) 
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CARDIOVASCULAR SVSTEM 


Overvíew 


Capillaries in head, 
neek, upper limbs 


Systemie Circuit 


Co^CO 


Qptco 2 


Body eells 


Capillaries 
in right 
lung 


Capillaries 
in left 
lung 



Capillaries 
in ehest, 
abdomen, 
lower limbs 


Oxygenated blood 


Deoxygenated blood 


Systemie Circuit 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 

External Structure and Coronary Círculation 


Deseription 


Analogy 
Study Tip 


Coronary circulation refers to the blood supply to the heart. The eoronary arteries supply oxygenated 
blood to the heart and the eardiae veins earry deoxygenated blood baek to the heart. The following 
flowchart siimmarizes eoronary circulation through the blood vessels. 

Base of aorta —► left and right eoronary arteries —► branehes of eoronary arteries 
(circumflex a., anterior interventricular a., marginal a., posterior interventricular a.) —► 
eapillaries —► eardiae veins —► eoronary sinus —► right atrium 

When eoronary arteries beeome bloeked, the blood supply to the heart is reduced. This deprives 
eardiae muscle eells of oxygen. If this bloekage persists over many years, it may lead to a myoeardial 
infaretion (heart attaek). 

A sulcus is like a shallow groove or gulley. 

To distinguish the anterior from the posterior view of the heart, use the eoronary sinus as a landmark 
for the posterior view. It is often difficult to see on a disseeted speeimen because it is normally eovered 
with a horizontal band of fatty tissue. Good landmarks for the anterior view ineliide the pulmonary 
trunk, anterior interventricular artery, circumflex artery, and aseending aorta. 


Blood vessels (B) 

B1. Superior vena eava 

B2. Inferíor vena eava 

B3. Aseendíng aorta 

B4. Aortíe areh 

B5. Deseendíng aorta 

B6. Braehíoeephalie trunk 

B7. L. Common earotid a. 

B8. L. Subclavian a. 

B9. Pulmonary trunk 

B10. Pulmonary arteries 

B11. Pulmonary veins 

B12. R. Coronary a. (in r. anterior 
atrioventricular groove) 

B13. L. Coronary a. 


Key to llliistration 

B14. Circumflexa. 

B15. Anterior lnterventricular a. 
(in anterior interventricular 
sulcus) 

B16. Marginal a. 

B17. Anterior eardiae v. 

B18. Great eardiae v. 

B19. Small eardiae v. 

B20. Coronary sinus 

B21. Posterior v. of I. ventriele 

B22. Middle eardiae v. 

B23. Posterior interventricular a. 
(in posterior interventricular 
sulcus) 


Structures (S) 

51. Ligamentum arteriosum 

52. Apex (tip) of heart 

53. Auricle 

Chambers (C) 

C1. R. atrium 
C2. L. atrium 
C3. R. ventriele 
C4. L. ventriele 
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CARDIOVASCULAR SVSTEM—Heart—$tructure and Function 

External Structure and Coronary Círculation 

B7 


B6 . _ V* _ ^ B8 



S2 posterior view 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 


Internal Structure 


Deseription 


The heart is divided into left and right halves and has four ehambers, two atria and two ventrieles. 
The atria are the first ehambers to reeeive blood from the body. They fill with blood, eontraet, and 
transfer blood to the pumping ehambers or ventrieles. The right ventriele pumps deoxygenated 
blood to the lungs and the left ventriele pumps oxygenated blood to the rest of the body. The heart 
has two different types of valves: atrioventricular (A-V) valves and semilunar valves. The A-V 
valves are loeated between the atria and the ventrieles. The one on the right side of the heart has 
three valve flaps, so it is ealled the tricuspid valve, and the one on the left side has two valve flaps 
so it is ealled the bicuspid (mitral) valve. These valves permit a one^way flow of blood from atria to 
ventrieles. 

Long, fibroiis, eord-like structures ealled ehordae tendineae anehor the valve flaps to the 
papillary muscles, which are long, eone-shaped muscular extensions of the inner ventrieles. The 
ehordae tendineae and papillary muscles help to keep the A-V valves elosed during ventricular eon- 
traetion. The semilimar valves are loeated at the base of eaeh major artery that leaves eaeh ventriele. 

On the right side is the pulmonary semilrmar valve and on the left is the aortie semihmar valve. 
These valves prevent backflow of blood into the ventrieles. From outermost to innermost, the wall 
of the heart is made of three layers: epicardium, myoeardirim, and endoeardhim. The epicardium 
(viseeral pericardium) is made of fibrous eonneetive tissue and is the innermost layer of the perieardial 
sae that surrounds the heart. The myocardium is eomposed of multiple layers of eardiae muscle and 
many blood vessels and nerves. The endocardium lines the inside of all the ehambers along with all 
the valves and is made of simple squamous epithelium. 



Key to lllustration 


Blood Vessels (B) 

Chambers (C) 

Valves (V) 

B1. Superior vena eava 

C1. R. atrium 

VI. Pulmonary semilunar 

B2. Inferíor vena eava 

C2. L. atrium 

V2. Aortie semilunar 

B3. Aseendíng aorta 

C3. R. ventriele 

V3. Tricuspid leaflet 

B4. Aortíe areh 

C4. L. ventriele 

V4. Bicuspid leaflet 

B5. Deseendíng aorta 

B6. Braehioeephalie trunk 

B7. L. Common earotid a. 

B8. L. Subclavian a. 

B9. Pulmonary trunk 

B10. Pulmonary arteries 

B11. Pulmonary veins 

Stmetiires (S) 

51. Ligamentum arteriosum 

52. Interventricular septum 

53. Chordae tendineae 

54. Papillary muscle 

55. Apex (tip) 

Wall Layers (W) 

W1. Epicardium 

W2. Myocardium 

W3. Endocardium 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 



Internal Structure 


Opening of 
eoronary 
sinus 





Eaeh valve flap opens 
like a kangaroo pouch 

to eateh blood and 
prevent it from falling 
baek into the ventriele 
because 
of gravity. 


The semilunar 
valves resemble 
a modified peaee 
sign when elosed 


To distinguish 
between the left 
and right ventrieles, 
note that the wall 
of the left ventriele 
is thieker than the 
wall of the right 
ventriele. 


The atrioventricular 
valves and assoeiated 
structures resemble a parachute. 

The valve flaps are the parachute, 
the parachute eords are the 
ehordae tendineae, and the 
paratrooper is the papillary muscle. 



KEY for COLORED ARROWS 


Oxygenated blood 


Deoxygenated blood 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 


Intrinsie Conduction System 


Deseription 


lmpulse 

Pathway 





The heart has its own internal regulation system to aehieve two important functions: (1) ereating the 
heartbeat, and (2) eoordinating the timing between eontraetion of the atria and eontraetion of the vem 
trieles. This eontrol system is referred to as the intrinsie conduction system. Without this eontrol system 
to ensure that the heart ehambers eompletely fill with blood before eontraeting, the heart would be a very 
ineffieient pump. Unlike most eontrol systems in the body that are regulated by either the nervous system 
or the endoerine system, this system is all internalized within the eardiae muscle in the heart. 

The intrinsie conduction system eonsists of the following six structures: 

(?) sinoatrial (SA) node 
(2) internodal pathway 
atrioventricular node 
(?) atrioventricular (AV) bundle 
bundle branehes 
Purkinje fibers. 

This system is a network of intereonneeting eardiae muscle eells that spread through the atria and the 
ventrieles. Notiee that this system ean be structurally divided into two main parts: the nodes (SA and AV 
nodes) and the pathway (intemodal pathway, AV bundle, bundle branehes, and Piirkinje fibers). Let’s 
examine eaeh, in turn. 

The nodes eonsist of clusters of speeialized eardiae muscle eells that laek the eontraetile proteins— 
myosin and aetin—found in normal eardiae muscle eells. These eells are the body’s only autorhythmic 
muscle eells; they manufacture their own beat. This means that instead of eontraeting, they serve as a 
kind of “sparkpliig” to ereate the heartbeat. The SA node is loeated within the wall of the right atrium 
and is referred to as the primary paeemaker. The AV node is loeated in the septum between the two atria 
and is referred to as the seeondary paeemaker. 

A long network of speeialized eardiae tmisele eells—the pathway—ensures that the heart ehambers 
are stimulated to eontraet in a eoordinated manner. Like smooth muscle eells, eardiae imisele eells ean 
stimrilate adjaeent eells. Think of the pathway like a series of dominoes. Knoeking over the first domino 
will cause all the others to fall over. Similarly, because eardiae imisele eells interdigitate with eaeh other 
like pieees of a jigsaw puzzle, stiimilating the first eell will quickly stiimilate all the others in the pathway. 

The internodal pathway radiates from the SA node and extends to the left and right atria and AV 
node. The AV bundle is a relatively short segment of eells that extends from the AV node and penetrates 
into the top of the interventricular septum. From here, it splits into two pathways—the left and right 
bundle branehes that extend through the interventrieidar septum toward the apex of the heart. The 
bimdle branehes extend into the walls of their respeetive ventrieles and into the papillary ìmiseles to 
beeome the Purkinje fibers. 

The flow of the impiilse for eontraetion always moves in the following sequence: 


SA node —► internodal pathvvay —► AV node 
biindle branehes —► Purkinje fibers 


AV bundle 


Let’s examine this sequence with respeet to the eoordination of the filling and eontraeting of the atria and 
the ventrieles. First, the autorhythmic eells within the SA node trigger the impulse to spread to the left 
and right atria through the internodal pathway. Simultaneously, the atria fill with blood and expand. The 
impiilse causes the atria to eontraet, which forees blood into the ventrieles. A delay in ventrieiilar eon- 
traetion is needed to allow the ventrieles to fill with blood. This delay eomes in the form of the time it 
takes to stirmilate the AV node and send the impiilse down the AV bundle and bundle branehes. By the 
time the impulse has spread to the Purkinje fibers, the ventrieles have finished filling with blood and the 
ventrieles are stimulated to eontraet. 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 


Intrinsie Conduction System 



Speeialized 
eardiae 
muscle eells 
in the SA node are 
like the spark 
plug that sets 
the heartbeat. 



Internodal 

pathvvay 



Papillary 

muscle 


(3^ Atrioventricular (AV) 
node 


(4} Atrioventricular (AV) 
bundle 


^5) Right and left 
bundle branehes 










4 . 


^6) Purkinje fibers 


Apex 


Note: Oolored arrovvs 
indieate direetion 
of impulse. 


The eardiae conduction system 
/ò is shown in white. 

// Color it all one eolor. 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 


Eleetroeardiogram (ECG) 


Deseription 


An eleetroeardiogram (ECG or EKG) is a graph of the heart’s eleetrieal aetivity as expressed in 
millivolts (mV) over time. The instmment used to obtain an ECG is ealled an eleetroeardiograph. 
A person is eonneeted to the eleetroeardiograph with eleetrodes plaeed on the arms and legs ( limb 
leads ) and along the ehest ( ehest leads ). Eaeh of the limb leads gives a slightly different picture of the 
heart’s eleetrieal aetivity. An ECG is used to deteet if the eleetrieal conduction pathway within the 
heart is normal and if any damage has been done to the heart. 

In a typieal lead II reeording, three different waves appear: P, QRS complex, and T. Eaeh wave 
represents an eleetrieal event ealled a depolarization or a repolarization. These eleetrieal events stimm 
late eardiae muscle within the heart wall to either eontraet or relax. Consequently, these events lead 
to the eontraetion and relaxation of the heart ehambers—atria and ventrieles. 

P wave: atrial depolarization—at the end of the P wave, both atria have depolarized 

QRS complex: ventricular depolarization—at the end of the QRS complex, both ventrieles 

have depolarized. Note: Atrial repolarization also occurs during this period, 
but it is masked by the ventricular depolarization. 

T wave: ventricular repolarization—at the end of the T wave, both ventrieles have relaxed. 


Interpreting 

EC6s 


Reading an ECG is an art that requires a lot of expertise. Even so, we ean explain the general way in 
which they are interpreted. Two types of variations may signal abnormalities: 

1. Variation in wave height (they may be elevated or depressed) 

2. Variation in normal time intervals 

Let’s eonsider ehanges in wave height. For example, if a P wave is elevated, it may indieate atrial 
enlargement. If the QRS complex is elevated, it may indieate ventrierdar enlargement. A tall and 
pointed T wave may indieate myoeardial isehemia. 

The following three normal time intervals are examined on any ECG: 

P-R interval = time from beginning of P wave to start of QRS complex; 0.2 see. 

S-T segment = time from end of S wave to beginning of T wave; 0.1 see. 

Q-T segment = time from beginning of QRS complex to end of T wave; 0.4 see. 


Any time interval that is either longer or shorter than normal also may indieate an abnormality. For 
example, a P—Q interval that is much longer than normal indieates a bloekage in the normal conduC" 
tion pathway. This could be caused by sear tissue resulting from a ehildhood infeetion of rheumatic 
fever. Another example is a longer than normal Q-T segment, which may indieate myoeardial 
damage. 
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Millivolts (mV.) 


CARDIOVASCULAR SVSTEM—Heart—Structure and Function 



Eleetroeardiogram (ECG) 


Normal Eleetroeardiogram or ECG (Lead II) 


QRS Complex 

R Eleetroeardiograph 



0 0.2 0.4 0.6 0.8 

Time (seeonds) 



Color the P wave, 
QRS complex, 
and T wave 
different 
eolors. 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 


Cardiac Cycle 


Deseription 


The heart is essentially a double pump that works together as one synehronized unit. The left side pumps 
only oxygenated blood while the right side pumps only deoxygenated blood. The eardiae eyele refers to all 
the pumping aetions that occur within the heart during one entire heartbeat. It eonsists of both the atria 
and the ventrieles filling with blood and then eontraeting. It begins with eontraetion of the atria and ends 
with refilling of the atria. On average, this continuous eyele takes about 800 msee. to eomplete in an adult. 

Both the atria and the ventrieles have repeated patterns of eontraetion (systole) and relaxation (dias- 
tole). The atria fimetion as the reeeiving ehambers of blood from the body. After they fill with blood, they 
eontraet and foree blood downward into the true pumps—the more powerful ventrieles. Because these 
ehambers have the more difficult task of pumping the blood to the body, they have a thieker layer of ear- 
diae muscle in their walls. Reeall that the heart has two pairs of valves: atrioventricular (AV) valves and 
semihmar valves. The AV valves fimetion as one^way valves to permit blood to flow from the atria to the 
ventrieles. The semihmar valves prevent blood from flowing baek into the ventrieles after being ejeeted. 

The eleetroeardiogram (ECG) is related to the eardiae eyele. An ECG measures eleetrieal ehanges in 
the heart muscle that induce the eontraetions of the ehambers. These eontraetions lead to pressure 
ehanges within the ehambers, which, in turn, induce the heart valves to either open or elose. 



To rmderstand the sequence of events, the eardiae eyele has been divided into five steps, as follows: 


(T) Atrial eontraetion 

ECG eonneetion: from P wave to Q wave 

AV valves open 

Semilunar valves elosed 

Deseription: The left and right atria 
eontraet simultaneously, causing the atrial 
pressure to inerease. This forees blood 
through the AV valves and into the 
ventrieles. The ventrieles are relaxed and 
filling with blood. The semilunar valves 
are elosed sinee the pressure in the ven- 
trieles is too low to foree them open. 

(2) lsovolumetric ventricular eontraetion 

ECG eonneetion: begins with R wave 

AV valves elosed 

Semilunar valves elosed 

Deseription: The ventrieles begin eon- 
traeting in this phase, causing the ven- 
tricular pressure to inerease. Higher 
ventricular pressure relative to the atria 
eloses the AV valves. The volume of blood 
in the ventrieles remains eonstant (iso- 
vohimetrie). All heart valves are elosed. 



Ventricular ejeetion 

ECG eonneetion: from S wave to T wav 


AV valves elosed 

Semilunar valves open 

Deseription: The ventrieles continue 
eontraeting during this phase. Like wring- 
ing out a wet rag, the ventrieles wring the 
blood out, beginning at the apex and 


moving upward. This allows for the maxi- 
mum volume of blood to be ejeeted— 
about 70 ml per ventriele. The high 
ventricular pressure forees the semilunar 
valves to open, and blood is ejeeted into 
the pulmonary arteries and the aorta. 



lsovolumetric ventricular relaxation 

ECG eonneetion: begins at end of T 

wave 

AV valves elosed 
Semilunar valves elosed 


Deseription: The ventrieles are relaxing 
and the heart valves are all elosed. The 
voliime of blood in the ventrieles remains 
eonstant (isovolumetric). Because ventrie- 
ular pressures are higher than atrial pres- 
sures, no blood flows into the ventrieles. 
Ventricular pressure is quickly deereasing 
during this phase. 


(5) Passive ventricular filling 

ECG eonneetion: after T wave to next 
P wave 


AV valves open 
Semilunar valves elosed 


Deseription: As blood flows into the 
atria, the atrial pressure inereases until 
it exceeds the ventricular pressure. This 
forees the AV valves open, and blood fills 
the ventrieles. This is the main way the 
ventrieles are filled. At the end of this 
phase, the ventrieles will be about 70% 
filled. 
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Cardiac Cycle 


Superior 
vena 
eava 


Pulmonary trunk 





Inferior 

vena 

eava 


© Atrial 
eontraetion 


CARDIAC 

CYCLE 



( 2 ) lsovolumetric 
ventricular 
eontraetion 


(5) Passive ventricular 

filling 



RA 

LA 

RV 

LV 


KEY 

Oxygenated blood 
Deoxygenated blood 

Right atrium 
Left atrium 
Right ventriele 
Left ventriele 



(4) lsovolumetric 
ventricular 
relaxation 


(3) Ventricular 
ejeetion 


Ventricu!ar 
eontraetion 
is like wringing 
out a wet 
rag. 
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CARDIOVASCULAR SVSTEM—Heart—Structure and Function 

Neural Control of the Heart 


Deseription 


In the eentral nervous system (CNS), the cardiovascular (CV) eenter in the mediilla oblongata is 
the eommand-'and'eontrol eenter for regulating heart function. It uses reflex pathways to eontrol 
heart rate. The three major peripheral sensory reeeptors that provide input to the CV eenter are: 

1. Proprioeeptors —measure tension ehanges in rmiseles and joints 

2. Chemoreceptors —deteet ehanges in blood aeidity by sensing ehanges in C0 2 and H + levels 

3. Baroreeeptors —loeated in the earotid sinus, aortie areh, and other arteries, deteet ehanges in 
blood pressure 

The CV eenter sends its motor output to the heart through two different nerves: 

1. Vagus nerve —to deerease heart rate 

2. Cardiac aeeelerator nerve —to inerease heart rate. 

The internal paeemakers within the heart—the SA node and AV node —help set its normal rate 
and rhythm. But the heart has to be able to respond to various stimiili so it ean inerease or deerease 
heart rate as needed. For example, during exercise, the heart rate inereases, which, in turn, elevates 
eardiae output, thereby providing more oxygen and ghieose to skeletal muscle tissue. As you exercise, 
proprioeeptors deteet inereased tension in skeletal muscles while ehemoreeeptors deteet inereased 
levels of C0 2 in the blood. This triggers nerve impulses to be sent along sensory neurons to the CV 
eenter. Motor output then is earried along the eardiae aeeelerator nerve to stimulate the heart rate to 
inerease. 

Now let’s use the variable of blood pressure ehanges to follow the reflex pathway shown in the 
ilhistration for both the parasympathetie and sympathetie divisions. 


Parasympathetie 

Oontrol 


The vagus nerve (eranial nerve X) is part of the parasympathetie division of the ANS and sends 
impulses to the heart to deerease the heart rate. It is a mixed nerve—meaning that it eontains both 
sensory and motor neurons. Baroreeeptors, loeated in the earotid sinus, aortie areh, and other arteries, 
deteet ehanges in blood pressiire. 

As blood pressure inereases above normal levels, impulses are sent along sensory neiirons to the 
CV eenter and then earried along motor neurons within the vagus nerve to the heart. The vagus 
nerve innervates the heart at the SA node and AV node. It functions to inhibit the heart, thereby 
reducing the heart rate and strength of eontraetions. This, in turn, deereases eardiae output, which 
lowers blood pressure baek to normal. At the same time, impulses also are sent out along vasomotor 
nerves (not shown in illustration), which stimulate vasodilation, thereby further lowering the blood 
pressiire. 


Sympathetie 

Control 


The eardiae aeeelerator nerve is part of the sympathetie division of the ANS and sends impulses to 
the heart to inerease the heart rate. As blood pressure deereases below normal levels, this is deteeted 
by baroreeeptors that send imprdses along a neural network over to the CV eenter, then to the spinal 
eord and to the heart. The final nerve in this pathway—the eardiae aeeelerator nerve —innervates 
the heart at the SA node, AV node, and eardiae muscle in the ventrierdar wall (ventrierdar 
myocardium). The response is that both the heart rate and strength of eontraetions inerease. This, in 
turn, inereases eardiae output, which inereases blood pressure. At the same time, impulses are sent 
out along vasomotor nerves (not shown in illustration), which stimulate vasoeonstrietion and 
thereby further inerease blood pressure. 
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Neural Control of the Heart 
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CARDIOVASCULAR SYSTEM—Blood Vessels 


Arteríes, Veins, and Capillaries 




Deseription 


$tudy Tips 


The body has five fundamental types of blood vessels: arteries, arterioles, eapillaries, venules, and veins. 
All of them eonneet together in the following predietable pattern: 

heart —► artery —► arteriole —► eapillary —► venule —► vein —► heart 

Arteries always earry blood away from the heart. They are thicker-walled than veins because the 
blood within them is at a higher pressure. All veins always earry blood baek to the heart. Because the 
pressure within them is lower, they are thinnenwalled. Larger veins eontain valves at regular intervals to 
assist the blood to return to the heart. Arteries and veins eonneet together at the mieroseopie level by 
eapillary networks. Capillaries are the smallest blood vessels in the body and are important functionally 
because gas and fhiid exchange occurs here. Their entire wall is often a single eell layer in thiekness. 
Arterioles and venules are mieroseopie vessels that feed and drain eapillaries, respeetively. Nearest the 
eapillaries, they are structurally similar to a eapillary except they have small amounts of smooth muscle 
around them. 

Arteries and veins have three major layers in their walls: tunica externa, tnniea media, and tunica 
interna: 


Tunica externa 
Tunica media— 

Tunica interna- 

tissue 


—eonneetive tissue layer made mostly of eollagen fibers 
layers of smooth muscle and some elastie fibers 

-endothelial layer (simple squamous epithelium) with Linderlying loose eonneetive 


Don’t confuse yourself by trying to distinguish between arteries and veins as to whether they earry 
oxygenated blood or deoxygenated blood. T his does not work because some arteries/veins earry oxy- 
genated blood and others earry deoxygenated blood. 

To reeall the general function of arteries use the phrase: A rteries Away! Arteries always earry blood 
away from the heart. 

To reeall one structural differenee between arteries and veins: Veins have Valves (arteries do not 
have valves). 

Under the mieroseope, to distinguish an artery from a vein, arteries always have a thieker tunica 
media. 



Key to lllustration 


1. Tuníca interna (tunica intima) 

3. Tunica externa (tunica 

4. Lumen of blood vessel 

2. Tuníca medía 

adventitia) 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Arteríes, Veins, and Capillaries 



1. 

2 . 

3. 

4. 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Overvíevv of the General Pattern of Circulation 


Deseription 


The illustration gives an overview of the general pattern of circulation. Blood ahvays follows 
a predietable circuit through blood vessels. There are five fundamental types of blood vessels in the 
body: arteries, arterioles, eapillaries, vennles, and veins. All of them eonneet together in the following 
pattern: 

Heart —► artery —► arteriole —► eapillary —► venule —► vein —► heart 

The sehematie illristration on the faeing page shows three of these five: arteries, veins, and eapil - 
laries . Arteries always earry blood away from the heart. They are thieker walled than veins because 
the blood within them is at a higher pressure. As distanee from the heart inereases, pressiire 
deereases. All veins always earry blood baek to the heart. Sinee the pressure within them is lower, 
they are thinner walled. Arteries and veins eonneet together at the mieroseopie level by eapillary 
networks. Capillaries are the smallest blood vessels in the body and are very important functionally 
sinee gas exchange and fluid exchange occurs here. Oxygen exits the blood to be used by body eells 
and earbon dioxide enters the blood from eells. The liquid plasma is filtered out of the blood to 
beeome tissue fluid. 

Let’s follow the general pattern of circulation. Veins earrying low pressure, deoxygenated blood 
drain into the vena eava, which drains into the heart’s right atrium (RA). This reeeiving ehamber 
fills with blood, eontraets, and forees blood into the right ventriele (RV). All this deoxygenated 
blood is then pumped out of the right ventriele to go to the lungs to get oxygenated. In the lungs, 
oxygen diffuses into the blood through the pulmonary eapillaries. The oxygenated blood is then 
transported through veins to the left atrium (LA). The LA fills with blood, eontraets, and forees 
blood into the left ventriele (LV). This oxygenated blood is then pumped out to the body via the 
aorta. The heart feeds its own eardiae muscle first throiigh eoronary eapillaries so it ean eontiniie 
pumping blood every minute of every day. Arteries earry oxygenated blood above the heart to the 
eapillaries in the brain, trunk, and upper limbs. Other arteries earry blood below the heart to the 
following major areas: 

Digestive organs and spleen—After gas exchange occurs at the splenie and mesenterie 
eapillaries, deoxygenated blood is earried by veins to the hepatie portal system in the liver. Note 
that eapillaries in this system are not for the typieal purpose of gas exchange. Instead, these highly 
permeable eapillaries are speeialized for delivering nutrients absorbed by the digestive traet to liver 
eells. The liver eells serve as speeial proeessing eenters that perform many functions. For example, 
they detoxify harmfril substances. 

Kidney—Another unique group of permeable eapillaries is the glomemlar eapillaries. Like the 
eapillaries in the hepatie portal system, these are also not for the purpose of gas exchange. Instead, 
they are speeialized to filter the blood plasma, plaee it in a separate tubular system, and proeess this 
liquid into urine. These eapillaries lead into the peritubular eapillaries where gas exchange does 
occur. 

Gonads—In the male, gas exchange occurs at eapillaries in the testes whereas, in the female, gas 
exchange occurs at eapillaries in the ovaries. 

Liver, lower limbs 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Overview of the General Pattern of Círculation 





Brain ^ ,Capillary (c.) 





Trunk, upper limbs 




Vena Cava (large veins) 




Color the 
uncolored portion 
of the illustration 
blue. 




Aorta (large artery) 






Coronary e 

Heart 


Q)spleen 

Splenie e. 



* Hepatie portal 
system 


Kidney 





Mesenterie e. 





-e 



Digestive 

organs 


Peritubular e. * Glomemlar e 



^ Note: These are 
speeialized eapillaries. 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Dynamíes of Blood Flow 


Deseription 


Fluid flow through any tube—whether water through a garden hose or blood throiigh a vessel— 
follows a pattern. To rmderstand blood flow, you must think of the fluid not as a single unit but as 
moving in eoneentrie layers. The two types of flow patterns are: (1) laminar flow, and (2) turbulent 
flow. 


Types of 
Blood Flow 


(T) Laminar (lamìna = layer) flow is the normal flow pattern in healthy blood vessels. 


The eoneentrie layers of fluid flow together, but not at the same rate. As shown in the illustra- 
tion, the outer layers travel slower than the inner layers. Why? As the fluid in the outermost 
layer mbs against the vessel wall, it is hindered by the foree of frietion, and moves the slowest. 
In eontrast, the fluid in the eenter of the tube is interfered with the least, so it moves the fastest. 
Normal, healthy blood vessels are smooth on their inner srirfaee. Like the smooth siirfaee on the 
inside of a garden hose or a drainpipe, this allows the fluid to flow through most easily. 


(2) Turbulent flow is the result of any dismption in the normal, laminar flow. 

Some low levels of turbulent flow are normal as blood flows through all the vessels in the body, 
but high levels may indieate an abnormality. What causes it? Two things: (1) physieal ehange in 
a vessel (ex: eonstrietion, sharp turn, or narrowing of a vessel) or (2) Disease state (ex: athero- 
selerosis). Because large blood vessels eonneet to smaller ones, some narrowing is normal, but it 
is a gradual ehange that doesn’t usually result in turbulent flow. 

Let’s eonsider an abnormality like the eonstrietion shown in the ilhistration. As fluid strikes 
the wall of the eonstrietion, its normal, linear path is dismpted. The result is the generation of 
swirling little currents—like backflows. 


As a elinieal example, the earotid arteries are the major vessels that deliver oxygenated blood to 
the brain. If a person has atheroselerosis, these arteries may beeome bloeked because of plaque 
deposits. This ean lead to a stroke or even death. Because turbulent flow produces its own unique 
sounds, a physieian ean deteet this problem by plaeing a stethoseope on the patient’s neek. This 
problem ean be eompoimded because the swirling currents of turbulent flow may cause part of the 
plaque to break off—beeoming a mobile ffagment ealled an embolus. The embolus then may travel 
downstream and cause a bloekage in some part of the brain. 
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Dynamíes of Blood Flow 




od vessel 
wall 


1 ) LAMINAR FLOW 

Laminar is Linear: 
Eaeh fluid layer 
flows in a 
straight line. 


Constriction 






Color eaeh 
eoneentrie ring 
of fluid a 
different eolor. 



® TIIRBIILENT FLOW 

Buckle yourself in and 
prepare for a 
bumpy ride! 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Arteríal Pressure and Its Measurement 


Deseription 

Blood pressure (BP) is a type of hydrostatie pressure—or foree of a fluid against the wall of a tube. 
Arteries earry blood away from the heart while veins earry it baek to the heart. As distanee from the 
heart inereases, blood pressure deereases. Therefore, on average, arteries have much higher pressure 
than veins. As the ventrieles eontraet and foree blood out into the arteries, these vessels expand and 
the pressure rises to a maximum pressure. As the ventrieles relax, the arteries reeoil and pressure falls 
to a minimum pressure. This eonstant eyele of rising and falling blood pressure is the source of our 
pulse. 

When blood pressure is taken, it is measured in mm Hg and expressed numerically as the maximum 
pressrire over the minimiim pressure. This is referred to as the systolie pressure over the diastolie 
pressure. For example, a normal blood pressure reading might be 120/70, read as “120 over 70.” 

Blood pressure has to be homeostatieally maintained at a normal level. If blood pressure exceeds 
normal levels, it ean cause smaller vessels to rupture, leading to anything from a stroke to even blind" 
ness. If levels fall too low, this also ean lead to numerous problems. For example, filtration is totally 
dependent on pressure. The kidneys eonstantly filter the blood to remove waste products, and the 
eapillaries in all our organs filter the blood to form tissue fluid. No pressure, no filtration. The body 
has nrimeroiis physiologieal meehanisms to inerease BP when it falls too low. 

Analogy 

Like water pressure in a garden hose results from the foree of water against the inside of the hose, 
blood pressure results from the foree of blood against the wall of the blood vessel. 

Measuring BP 

© When a blood pressure cuff is wrapped around the upper arm, the intended purpose is to eorm 
press the braehial artery, which delivers oxygenated blood to the arm. 

(2) The valve is elosed on the blood pressure instmment, then the bulb is squeezed until the cuff 
pressure exceeds the systolie pressure in the braehial artery. The result is that the artery eloses so 
blood temporarily stops flowing through it. 

(?) As the valve is slowly opened, the pressure within the cuff deereases. Consequently, the braehial 
artery begins to open. Blood squirts through the eonstrieted vessel, resulting in turbulent flow 
(see p. 298) that ean be deteeted by a stethoseope. These eharaeteristie “whooshing” sounds 
are eolleetively referred to as the sounds of Korotkoff and the pressure at onset is the systolie 
pressure. 

(í) Turbulent blood flow continues until the braehial artery has expanded baek to its normal size. 
The pressrire reading at the last sound before the restoration of normal blood flow represents the 
diastolie pressure. 
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Blood pressure (BP) 
is a type of hydrostatie pressure (HP) 
or fliiid foree against the wall of a tube. 


Like water pressure 
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Arterial Pressure and Its Measurement 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Oapíllary Structure and Solute Diffusion 


Deseription 


Capillaries, the most mieroseopie blood vessels in the body, join arterioles to venules. Their diameter 
is so small that red blood eells must pass through single file. These vessels form an intereonneeting 
network or mesh of vessels ealled eapillary beds. All the various tissues in the body depend on these 
eapillary beds to remove wastes, and to deliver nutrients and fliiid. 

The tube"like structure of eaeh eapillary is simple. The wall of the vessel is made up of endothelial 
eells or simple squamous epithelial eells. Eaeh of these eells is flat to allow for easy diffusion of solutes 
from blood to tissue eells and viee versa. Wrapped around the outside of these eells like a thin blanket 
of protein fibers ealled the basement membrane. Gaps between adjaeent endothelial eells ealled 
intereelliilar elefts allow for passage of fluid and small soliites. 

The three types of eapillaries are: (1) continuous eapillaries, (2) fenestrated eapillaries, and 
(3) siniisoidal eapillaries. 


Type 

eomments/Permeability 

Loeation in Body 

(T) Continuous 

• Most eommon 

Skin, eonneetive tissues, skeletal 

eapillary 

• Least permeable 

muscle, smooth muscle, and lungs 

( 2 ) Fenestrated 

• More permeable. Endothelial eells eontaín 

Kidneys, small intestine, ehoroid 

eapillary 

small holes ealled fenestrations, vvhieh 

plexuses in brain, and some endoerine 


inerease permeability 

glands 

(3) Sinusoidal 

• Most permeable —has the largest fenestrations 

Liver, red bone marrovv, spleen, and 

eapillary 

and the largest intercellular elefts. 

some endoerine glands 


Blood flow through a eapillary bed is eontrolled by bands of smooth muscle ealled preeapillary 
sphineters. When they are elosed, blood bypasses the eapillary bed by going through the shunt. 
When they are open, blood moves through the entire eapillary bed (as illustrated). This allows the 
body to respond to different situations. For example, during exercise, the sphineters have to be 
opened in the eapillaries in skeletal muscles to meet the muscle’s inereased oxygen demand and deal 
with inereased production of earbon dioxide. During the digestion of a heavy meal, more blood has to 
be shunted to the eapillaries in the digestive traet rather than to the skeletal muscles. 


Solute 

Diffusion 


Capillary beds are the sites of nutrient and waste exchange between the blood and tissue eells. 
Nutrients move from the blood into tissue eells while wastes move from tissue eells into the blood. 
For example, the respiratory gases—oxygen and earbon dioxide—diffuse aeross the wall of the eapillary. 
Oxygen is a vital nutrient that diffuses out of the blood and into tissue eells while earbon dioxide is a 
waste product that diffuses from tissue eells into the blood. 

Reeall that diffusion depends on a gradient. The rule for simple diffiision is that a solute moves 
from a region of higher solute eoneentration to a region of lower solute eoneentration. Oxygen is 
earried in the blood primarily by the protein hemoglobin. As eells consume oxygen to metabolize 
glucose in the cellular respiration proeess, this ensures that the gradient for oxygen is maintained. 
Carbon dioxide is a byproduct of eelliilar respiration, so it maintains a gradient as it eonstantly 
accumulates within tissue eells. 
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/ (^) Continuous 

ìí/ Oolorallthe w eapillary 
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epithelial eells 
the same eolor. 


( 2 ) Fenestrated 
eapillary 


Capillary Structure and Solute Diffusion 
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^3) Sinusoidal 
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Three types of eapillaries 


Capillary bed 




Arteriole 
end 


Blood always moves through a 
eapillary bed in a one-way direetion- 
from arteriole end to venule end. 


O Oxygen 
o Oarbon dioxide 


Preeapillary ^ 
sphineters 
(open) 


Tissue eell 



Venule 

end 


Diffusion of oxygen and earbon dioxide aeross a eapillary bed 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Oapíllary Function—Filtration and Reabsorption 


Deseription 


Gas exchange occurs aeross eapillary beds. This is how oxygen is delivered to your eells and how 
earbon dioxide is removed from tissues. In addition to diffusion of gases, two proeesses are occurring 
simultaneously with diffusion: filtration and reabsorption. Let’s examine eaeh, in turn. 

The filtration proeess is eompletely dependent on a foree. No foree, no filtration. In eapillaries, 
this foree is the blood pressure inside the eapillaries and is ealled the eapillary hydrostatie pressure 
(CHP). It drives the filtration proeess and is measured in millimeters of mereiiry (Hg). Aeross a 
eapillary bed, the CHP quickly drops as blood moves from the higher pressure arteriole end (35 mm 
Hg) to the lower pressure venule end (18 mm Hg). Working against the CHP is a counter foree 
ealled the blood eolloidal osmotie pressure (BCOP). 

Focus on the last two words of this term: osmotie pressure. Osmotie pressure deals with the foree 
from water’s tendeney to move aeross a semipermeable membrane toward the solution with the 
greater eoneentration of nonpenetrating solutes. The osmotie pressure is proportional to the solute 
eoneentration. The higher the solute eoneentration, the greater is the osmotie foree. Because the 
eoneentration of nonpenetrating sohites in the blood is greater than the tissue fhiid within the inten 
stitial spaees, water’s tendeney is to move baek into the blood. 

Unlike the CHP, the BCOP remains eonstant aeross the eapillary bed at 25 mm Hg. Why? 
Because the eoneentration of nonpenetrating solutes does not ehange from one end of the eapillary 
bed to the other. 


Formtila 



Filtration occurs only at the arteriole end of the eapillary bed. Here is the formiila to ealeiilate the 
net filtration pressure (NFP): NFP = CHP — BCOP 

sribstitLiting the nLimbers: NFP = 35 mm Hg — 25 mm Hg 

= + lOmmHg 

This positive ( + ) number indieates a net movement of water and small solutes (such as sodium and 
ehloride ions) out of the blood and into the interstitial spaees. This proeess of filtering the blood 
plasma is the only way the body has to ereate tissue fluid. 

Reabsorption of water occurs only at the venule end. Let’s calculate the NFP again: 

NFP = 18 mm Hg - 25 mm Hg. 

= — 7 mm Hg 

The negative ( —) number indieates net movement of water baek into the blood. In short, some 
water is always reabsorbed at the venule end of the eapillary because of osmosis. 


The eapillary hydrostatie pressure (CHP) is the 
blood pressure inside the eapillary. The CHP is like 
the water pressure inside a garden hose that has been 
turned on. Now imagine that you punctured some 
tiny holes in the hose. The fluid squirting out of the 
hose is like the sohition being filtered out of the 
blood to ereate the tissue flLiid within the interstitial 
spaees. 
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Arteriole 

end 


Capíllary Function—Filtration and Reabsorption 


Capillary bed 


Shunt 




Venule 

end 





Arteriole 

end 


The hydrostatie foree 

of blood inside a vessel 
is like the foree from 


Venule 

end 



Body 

eells 


(CHP - BCOP) 
or 

(35 - 25) 


Interstitial 

spaees 


NFP = - 7 mm. Hg 

(CHP - BCOP) 
or 

(18-25) 


(see filtration, p. 28) 


4 

KEY 

CHP = Capillary hydrostatie 

* 

pressure 

BCOP = Blood eolloidal 

o 

osmotie pressure 

NFP = Net filtration 

pressure 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Return of Venous Blood to the Heart 


Deseription 


Venous return refers to the volume of blood returning to the heart through the veins. Veins are under 
much lower pressure than arteries, which makes it diffierdt to return venous blood baek to the heart. 
For example, the average pressure in the venous system is about 16 mm Hg, while the average pressure 
in the arterial system is about 60 mm Hg. Veins eontain semihmar valves at regular intervals, which 
allow for blood flow in one direetion while also preventing backflow. Venous return is easier when a 
person is lying down because the foree of gravity is not a faetor. But when someone is standing up, 
eonsider how long a journey it is for the venous blood in your foot to return to the heart while moving 
against gravity. Although the heart’s normal pumping aetion helps move the venous blood baek to 
the heart, the body has two other meehanisms that we will refer to eolleetively as venous “pumps”: 
(1) skeletal miisele “pump,” and (2) respiratory “pump.” 



Skeletal muscle “pump” 

When you are walking, the normal muscle eontraetions in your legs greatly aid in venous return. 
They actually squeeze blood out of the peripheral veins and up toward the heart in an aetion 
ealled “milking.” Here is how it works: The illustration shows a short segment of a vein with 
two semilunar valves. The proximal valve is nearer the heart, and the distal valve is farther 
from the heart. As the skeletal muscle around this vein eontraets, the vessel is squeezed, thereby 
inereasing the pressure inside the vein. This inereased pressure forees the proximal valve to 
open while the distal valve remains elosed because of baek pressure. The end result of this 
aetion is that some venous blood is moved up into the next seetion of the vein. By repeating 
this pattern, venous blood is given an extra push on its joiirney baek to the heart. 

If you have to stand for a long time, it is good to flex your gastrocnemius muscles (ealf 
mriseles) to prevent fainting. Fainting is caused by a deerease in venous return, which leads to 
deereased eardiae output, which causes a deerease in the blood supply to the brain. This means 
that less oxygen and gliieose are being delivered to neurons in the brain, which causes fainting. 
By flexing your gastrocnemius muscles after standing still for a long time, you will put your 
skeletal muscle “pump” to work for you. 



2 ) Respiratory “pump 


55 


Normal breathing faeilitates venous return. The deeper the breathing, the greater is the assis- 
tanee in this regard. As shown in the illustration, normal breathing involves a repeating eyele of 
eontraetion and relaxation of the diaphragm. When this muscle eontraets for a normal inspira^ 
tion, it moves downward and eompresses the eontents of the abdominal eavity, which inereases 
the abdominal pressure. Simultaneously, the voliime in the thoraeie eavity inereases, causing a 
deerease in pressure. This pressure gradient forees blood out of the various veins in the abdominal 
region and into the inferior vena eava (IVC) to allow blood to move baek into the right atrium 
of the heart. 
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Return of Venous Blood to the Heart 


Venous "pumps M 



The BIG SQUEEZE! 



The venous "pumps" are external forees 
that aet on veins like squeezing 
a hollow rnbber tube 
with your hands. 


© Skeletal muscle M pump" 


(2) Respiratory "pump" 


Proximal 

valve 


Skeletal 

muscle 


Wall of 
large 
vein 

Distal 

valve 




Color the blood 
in the large 
vein blue. 



Which way does a 
pressure gradient go? 
it always moves from 
HIGH to LOW 

Color the ovals for higher pressure and 
lower pressure different eolors. 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Control and Measurement of Cardiac Output (CO) 


Deseription 


Cardiac output (CO) is the amount of blood pumped out of eaeh ventriele in a single eontraetion during one 
minute—expressed as milliliters (ml) of hlood per minute. It is mathematieally defined as the product of the 
stroke volrnne (SV) times the heart rate (HR). This is the mathematieal equation: CO = SV X HR 

A normal stroke volume is the amount of blood pumped out of eaeh ventriele in one beat—ahout 70 ml for 
an adult heart. A healthy adult male has a resting heart rate of about 70 beats per minute (bpm). By plugging 
these numbers into the formiila given above, we ean calculate a normal CO. As shown in the equation at the 
bottom of the ilhistration, it calculates to approximately 4,900 ml of blood per minute. If eonverted to liters, it 
is 4.9 L per minute. 

The ilhistration shows this by imagining that we could eolleet blood continually (from only one ventriele) 
in a 6-liter glass beaker. At the end of 1 minute, it would have filled the beaker to 4.9 L of blood. The CO ean 
be measured by taking a person’s blood pressure and pulse, then doing some ealeiilations. 

For example, let’s say your blood presstire was meastired as 118/80 and pulse was 70 bpm. From this, ealem 
late the pulse pressure (systolie pressure minus diastolie pressure). In this ease, 118 — 80 = 36. Then plug the 
nmnbers into this equation: 

CO = 2ml X Pulse Pressure X HR 

= 2 x 36 x 70 

= 5,320 ml/min 

In general, faetors that effeet SV also affeet HR. For example, dtiring exercise, both SV and HR inerease. Even 
so, let’s eonsider the key faetors that govern eaeh of these two variables. 

Faetors affeeting SV 

Preload: defined as the amount of tension in the ventricular eardiae muscle eells prior to eontraeting. The 
rule is that the greater the tension on the eells, the more forcefully they eontraet. For example, during 
exercise, more blood is returned to the heart through the venous return. As more blood enters the heart, it 
stretehes eardiae muscles eells, resulting in a more forceful ejeetion of blood. For this reason, exercise 
inereases SV. 

Contractility: defined as the degree to which eardiae muscle eells ean shorten when stimulated by a speeifie 
ehemieal substance. For example, ealeiiim ions have a positive influence on eardiae muscle eontraetion. 
Abnormally low levels of calcium result in an irregular heartbeat, deereasing the SV. 

Afterload: defined as the amount of foree needed from ventrieiilar eardiae miisele eells to ejeet blood from 
the ventrieles and past the semilunar valves. Anything that impedes blood flow ean inerease afterload. For 
example, any bloekage in the peripheral blood vessels would restriet blood flow and inerease the afterload. 
As the afterload inereases, the SV deereases. 

Faetors affeeting HR 

Age: HR gradually deereases from ehildhood to adulthood. A newborn may have an HR of 120 bpm, 
whereas an adult male may have 70 bpm. In the elderly, the HR inereases again relative to that of a young 
adult. 

Sex: On average, females have slightly higher resting HR’s than males. The differenee is about 5 bpm. 

State of aetivity: During eertain phases of the sleep eyele, the HR deereases. But during exercise the HR 
temporarily inereases. 

Endurance training: Marathon mnners may have a resting HR of 50 bpm. This type of training inereases 
heart size as well as SV. This allows for a normal CO with a lower HR. 

Stress, anxiety: Stress and anxiety inerease HR. 

The CO does not remain eonstant. It regularly rises and falls. Maintaining the CO in a normal range is primarily 
the job of the cardiovascular (CV) eenter in the medulla oblongata of the brain. Using reflex pathways in the 
autonomic nervous system, the CV eenter regiilates the rhythm and foree of the heart rate. Hormones also help 
to eontrol eardiae aetivity. For example, epinephrine and norepinephrine are powerful eardiae stimulators. In 
short, the nervous system and hormonal regulators work together to regulate heart aetivity, thereby indireetly 
ensuring that a normal CO is aehieved. 
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Control and Measurement of Cardiac Output (CO) 


KEY 

A = Aorta 

PA = Pulmonary artery 
RV = Right ventriele 
LV = Left ventriele 


Color the 
number "70" 




Color 
the ^ 
equation 
for 

eardiae 
output. ^ 




Cardiac 

Stroke 1 

Heart 

output (CO) 

volume (SV) 

rate (HR) 

(ml/min) 

(ml) 

(bpm) 





Imagine eolleeting blood from 
the left ventriele of a beating 
heart for 1 minute! 


bpm 


Time (min) 


1:00 


eo 

= sv 

X 

HR 


= 70 ml 

X 

70 bpm 


= 4,900 

ml/min, or 4.9 L/min 
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CARDIOVASCULAR SYSTEM—Blood Vessels 

Control of Blood Pressure 


Deseription 


The following four regulatory meehanisms are used to eontrol blood pressure (BP): cardiovascular eenter, 
neural regulation, hormonal regtilation, and autoregulation. 



Cardiovascular (CV) eenter 

The cardiovascular eenter (CV) in the medulla oblongata is the eommand-and-eontrol eenter for eoiv 
trolling heart fimetion. It reeeives peripheral sensory input from three major sotirees: proprioeeptors, 
ehemoreeeptors, and baroreeeptors. The CV responds by sending motor output to the heart and blood 
vessels. The heart rate (HR) either inereases or deereases while blood vessels are stiimilated to eonstriet. 
The end result is that the BP either inereases or deereases baek to normal levels. For details of this 
proeess, see p. 292. 



Neural regulation 


Neural regiilation uses a reflex pathway to respond to ehanges in BP. Baroreeeptors loeated in the aortie 
areh and other arteries deteet ehanges in blood pressure. When the BP rises or falls below a eertain 
threshold, these sensors are stimulated to send a nerve impiilse to the CV eenter. Then motor oritpiit is 
sent to the heart throiigh different nerve pathways. One pathway triggers a deerease in heart rate, and the 
other pathway stimulates the opposite result. This ehange in heart rate leads to a ehange in eardiae out- 
put, which, in turn, either inereases or deereases the BP. For details of this proeess, see p. 292. 



Hormonal regulation 

Renin-angiotensiivaldosterone (RAA) system. 


When blood pressure deereases, it stimulates the kidney to release the enzyme renin into the blood. 
This leads to the production of a powerful vasoeonstrietor ealled angiotensin II. This, in turn, stimu- 
lates the adrenal cortex to produce the hormone aldosterone. The net result is an inerease in blood 
pressure. For details of this meehanism, see p. 442. 


Epinephrine (EPI)/norepinephrine (NE) 

EPI and NE are produced by eells in the adrenal medulla in response to emergeney or stressful situa- 
tions. Two of the organs they target are the heart and blood vessels. The result is that heart rate 
inereases and blood vessels eonstriet, respeetively. Together, these two responses lead to an inerease in 
blood pressure. For details of this meehanism, see p. 252. 


Antidiuretic hormone (ADH) 

Water loss from the blood, like what occurs during excessive sweating, stiimilates the posterior lobe of 
the pitiiitary gland to prodtiee ADH. This hormone targets the nephrons in the kidneys and causes 
more water to be reabsorbed into the blood thus restoring normal blood presstire. For the details of this 
meehanism, see p. 436. 


Atrial natriuretic peptide (ANP) 

As blood voltime inereases, this stretehes the atria in the heart, which stiimilates eells in the atria to 
prodiiee ANP. By indtieing blood vessels to dilate and water to be excreted in the urine, ANP 
deereases BP. 


(^) Autoregulation 
Physieal ehanges 

Changes in body temperature affeet BP. For example, eold causes superficial blood vessels to eonstriet, 
which inereases BP. In eontrast, heat causes blood vessels to dilate, leading to a deerease in blood 
pressure. 

Chemical ehanges 

Different types of body eells, such as smooth muscles eells, endothelial eells, and maerophages, pro- 
duce various ehemieals that signal blood vessels to either dilate or eonstriet. For example, smooth eells 
produce laetie aeid, which causes blood vessels to dilate. Other vasodilating ehemieals ineltide nitrie 
oxide (NO), H + , and K + . 
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Control of Blood Pressure 


GOAL: Maintain 
Normal Blood Pressure 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Arteries 

Overvíew—Major Arteríes 


Head/Neek(H) 

Key to llliistration 

Forearm (FO) 

Thigh (TH) 

H1. Internal earotid a. 

FOI. LJInara. 

TH1. Femoral a. 

H2. External earotid a. 

F02. Radial a. 

Leg (L) 

H3. Oommon earotid a. 

Abdomen (A) 

L1. Popliteal a. 

H4. Subclavian a. 

A1. Abdominal aorta 

L2. Anterior tibial a. 

Shoiilder (S) 

A2. Oeliae trunk 

L3. Fibulara. 

S1. Axillary a. 

A3. Superior mesenterie a. 

L4. Posterior tibial a. 

Thorax (T) 

T1. Aortie areh 

T2. Pulmonary trunk 

T3. Pulmonary a. 

Arm (AR) 

AR1. Braehial a. 

A4. Renal a. 

A5. Gonadal a. 

(testicular a. in males, 
ovarian a. in females) 

A6. Inferior mesenterie a. 

A7. Oommon iliae a. 

A8. Internal iliae a. 

A9. External iliae a. 
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Overvíew—Major Arteries 


Major Arteries 


Heart 


Diaphragm 


Kidney 



Arteries of: 

Head/Neek (H) 
Shoulder (S) 

Thorax (T) 
Arm (AR) 
Forearm (FO) 
Abdomen (A) 
Thigh (TH) 

Leg (L) 


Note: This illustration is 
simplified to show only the 
major arteries. 


Anterior view 
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Arteríes of the Head and Neek 


Key to lllustration 


17. R. Superficial 
temporal a. 


t 


6. R. Inferior 
thyroid a. 


18. R. Ophthalmie a 


7. R. Transverse 
eervieal a. 

8. R. Subscapular a. 


t 


19. Basilar a 


t 


t 






16. R. Maxillary a 




15. R. Oeeipital a 




14. R. Faeial a. 




13. R. Lingual a. 


11. R. Internal 
earotid a. 


12. R. External 
earotid a. 


Thyroeervieal 
trunk 


9. R. Vertebral a 




10. R. Oommon 
earotid a. 



4. R. Axillary a. 3. R. Subclavian a. 


2. Braehioeephalie 
trunk 


1. Aortie areh 




<r=> 


5. R. Internal thoraeie a. 


Note: Oolored arrovvs indieate direetion of blood flow. 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Arteries 

Arteries of the Head and Neek 
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Larynx 
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Thyroeervieal 

trunk 


1 st rib 


1 


Sterniim (cut) 


Lateral View 


1. 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 
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11 . 

12 . 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Arteries 

Major Branehes of the Abdominal Aorta 


Deseription 


The blood vessel branehes of the abdominal aorta supply oxygenated blood to the organs and structures 
within the abdominal eavity and the lower limbs. 


Study Tips 


Use diaphragm as a landmark 

Celiac trunk is first braneh below the diaphragm 

Sriperior mesenterie is larger in diameter than the inferior mesenterie 

Renal and gonadal are paired 

Gonadal arteries are slender 


Sehematie of major branehes 



L. gastrie a. (to stomaeh, esophagus) 

Celiac trunk Splenie a. (to spleen, stomaeh, panereas) 

Common hepatie a. (to liver, stomaeh, gallbladder, duodenum) 

Superior mesenterie a. (to panereas, duodenum, small intestine, and 

most of large intestine) 

Renal a. (to kidney) 

Gonadal a. (to either ovary or testis) 

Inferior mesenterie a. (to last portions oflarge intestine) 


Common iliae a. (to pelvis and lower limbs) 


Internal 

iliae a External iliae a. (to lower limbs) 

(to urinary 
bladder 
and pelvis) 


1. Celiac truck 

2. Common hepatie a. 

3. Left gastrie a. 

4. Spleníe a. 


Key to Illustration 

5. Superior mesenterie a. 

6. Renal a. 

7. Gonadal a. 

8. Inferior mesenterie a. 


9. Common iliae a. 

10. Internal iliae a. 

11. External iliae a. 
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CARDIOVASCULAR SVSTEM—Blood Vessels—Arteries 

Major Branehes of the Abdominal Aorta 


DIAPHRAGM 


Sehematie of 
major branehes 


diaphragm 



Use the 
diaphragm 
as a landmark 
to loeate 
speeifie 
branehes 
(e.g., eeliae 
trunk 
is 


first 
braneh 
below the 
diaphragm). 





(Right) 


1. 

2 . 

3 . 

4 . 

5 . 

6 . 


Anterior view 


7 . 

8 . 
9 . 

10 . 

11 . 
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CARDIOVA$CULAR SVSTEM—Blood Vessels—Arterles 

Arteríes of the Right Upper Limb and Thorax 


Key to lllustration 


1. Aortie areh 


4 


2. Braehioeephalie trunk 


4 

3. Axillary a. 

& 

6. Braehial a. 

te. 

7. Deep 

braehial a. ^ 


^ 4. Posterior humeral circumflex a 



5. Anterior humeral circumflex a. 



8. Radial a. 


% 


9. lllnar a. 


Note: Oolored arrovvs indieate direetion of blood flovv. 


m 





CARDIOVASCULAR SVSTEM—Blood Vessels—Arteries 

Arteríes of the Right Upper Limb and Thorax 


R. Common earotid a 


Vertebral a. 


L. Common earotid a. 


L. Siibelavian a 


Humerus 



Radius 


Note: Arrovvs indieate 
direetion of blood flovv. 


Superficial palmar areh 


Digital a.'s. 


Right Llpper Limb 

anterior view 


1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 
9 . 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Arteries 

Major Arteries of the Right Pelvis and Lower Limb 


Key to llliistration 


1. Abdominal aorta 

2. Common iliae a. 

4. External iliae a. 


- 3. Internal iliae a. 


5. Deep femoral a. 



4 

6. Femoral a. 



7. Popliteal a. 


8. Anterior tibial a. 




9. Posterior tibial a 



10. Fibular a. 


Note: Ootored arrovvs indieate direetion of blood flovv. 
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Major Arteries of the Right Pelvis and Lower Limb 


Ingiiinal 

ligament 


Femur 


Metatarsal a. 



Dorsal 

areh 


(visible in 
posterior view) 


g (visibie in 
posterior view) 


10 (visible in 

posterior view) 


Label major branehes 


1 


6 


8 


9 


10 


Right lower limb 

anterior view 


Plantar areh 


Digital a. 


Note: Arrows indieate 
direetion of blood flow. 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Veins 

Overvíevv—Major Veíns 


Head/Neek(H) 

Key to llliistration 

Abdomen (A) 

H1. External jugular v. 

A1. Hepatie v. 

H2. Internal jugular v. 

A2. Hepatie portal v. 

Shoulder (S) 

A3. Gastrie v. 

S1. Axillaryv. 

A4. Splenie v. 

Thorax (T) 

A5. Inferior mesenterie v. 

T1. Superior vena eava 

T2. Braehioeephalie v. 

A6. Superior mesenterie v. 

A7. Inferior vena eava 

T3. Subclavian v. 

A8. Renal v. 

Arm (AR) 

A9. Gonadal v. 

(testicular v. in male, ovarian v. in female) 

AR1. Oephalie v. 

A10. Oommon iliae v. 

AR2. Braehial v. 

A11. Internal iliae v. 

AR3. Basilie v. 

A12. External iliae v. 

Forearm (FO) 

Thigh (TH) 

FOI. LJInarv. 

TH1. Femoral v. 

F02. Radial v. 

TH2. Great saphenous v. 


Leg (L) 

L1. Popliteal v. 

L2. Anterior tibial v. 

L3. Posterior tibial v. 
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Major Veins 


Overvíevv—Major Veíns 


Heart 


Diaphragm 


AR3 


Kidney 


Siiperfieial 

Veins 



F02 


Deep 

Veins 


Veins of: 

Head/Neek (H) 
Shoulder (S) 
Thorax (T) 
Arm (AR) 
Forearm (FO) 
Abdomen (A) 
Thigh (TH) 

Leg (L) 


Note: This illustration is 
simplified to show only the 
major veins. 


Anterior view 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Veins 


Veins of the Head and Neek 


Key to lllustration 


8. R. Oeeipital v. 



(Majority of blood 
from the brain) 


7. R. Posterior 




(To right 
atriiim of 
heart) 


Note: Gray arrows indieate direetion of blood flow. 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Veins 

Veins of the Head and Neek 



Sternum (cut) 


(Blood from istrib 
upper limb) (cut ) 




Lateral View 


1 . 

2 . 

3 . 

4 . 

5 . 

6 . 


7 . 

8 . 
9 . 

10 . 

11 . 

12 . 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Veins 

Major Veins of the Abdomen 


Deseription 


Most of the blood vessels in the abdomen drain deoxygenated blood into the inferior vena eava, which 
empties into the right atrium of the heart. 


Study Tips 


Use diaphragm as a landmark 

Hepatie veins are the first vessels of the inferior vena eava below the diaphragm 
Renal veins are the widest vessels of the inferior vena eava 
Gonadal veins are very slender 


Sehematie of Major Veins of Abdomen 


Diaphragm 


Gastrie v. (drains the stomaeh) 


Adrenal v. 

(drains adrenal glands) 


Á 


Hepatie v. (drains liver) 


Phrenie v. (drains diaphragm) 


Renal v. (drains kidneys) 


/'Hepatie Splenie v. (drains the spleen) 

/ portal v. 

Inferior 

mesenterie v. (drains the large intestine) í 

/ 

/ 

* Siiperior 

mesenterie v. (drains stomaeh, small / 
intestine, and large intestine) ,/ 


Gonadal v. (drains either ovaries or testes) 


Lumbar v. (drains lumbar portion of abdomen) 


Á 


V 




Coff ìmon iliae v. (drains pelvis and lower limbs) 


1 


Note: The hepatie portal 
system shown inside the 
dashed line above is not 
shown in the illustration 
on page 327. 


nal 
iliae a. 

(drains 
urinary 
bladder 
and pelvis) 


:ternal iliae v. (drains lower limbs) 



Key to 1 llustration 


1. Inferior vena eava 

6. Gonadal v. 

9. Internal iliae v. 

2. Hepatie v. 

testicular v. in male 

10. External iliae v. 

3. Renal v. 

ovarian v. in female 


4. Adrenal v. 

7. Lumbarv. 


5. Phrenie v. 

8. Common iliae v. 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Veins 

Major Veins of the Abdomen 


DIAPHRAGM 


Sehematie of 
major branehes 


Diaphragm 



Use the 
diaphragm 
as a landmark 
to loeate 
speeifie 
branehes 4 
(e.g. hepatie 
veins 
are the 
first 
braneh 
below the 
diaphragm). 




(Right) 


1. Anterior view 


2 . 

3 . 

7 . 

4 . 

8 . 

5 . 

9 . 

6 . 

10 . 
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CARDIOVA$CULAR SVSTEM—Blood Vessels—Veins 

Veins of the Right Upper Limb and Shoiilder 


Key to lllustration 


1. Siiperior vena eava 


t 


2. Braehioeephalie v. 


& 


t 



3. Internal jugular v. 


4. External jugular v 


5. Subclavian v. 



7. Cephalic v. 

£ 

10. Median cubital v. 


£ 


9. Basilie v. 




13. Median v. of forearm 


8. Braehial v. 




11. Radial v. 





12. Lllnar v 


Note: Gray arrovvs indieate direetion ofblood flovv. 
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Veíns of the Right Upper Limb and Shoulder 



Humerus 


Azygos v 


This vessel (#10) is 
often used for 
taking blood 



Radius 


Right Llpper Limb 

anterior view 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Veins 

Major Veins of the Ríght Pelvis and Lower Limb 


Key to llliistration 


1. Inferior vena eava 


t 


2. Common iliae v 




3. Internal iliae v 


t 


4. External iliae v 


5. Deep femoral v.%^ 


t 


6. Femoral v. 




7. Great saphenous v 


9. Small saphenous 


t 


8. Popliteal v. 


10. Anterior tibial v. 





11. Posterior tibial v 


t 


12. Fibular v. 


Note: Gray arrovvs indieate direetion of blood flovv. 
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CARDIOVASCULAR SYSTEM—Blood Vessels—Veins 




Major Veins of the Right Pelvis and Lower Limb 


lnguinal 

ligament 


Femur 


Metatarsal v. 



8 (visible in 
posterior view) 


Label major branehes 


1 


6 


8 


9 


10 


11 (visible in 

12 f posterior view) 


11 


12 


Dorsal 
areh 


Plantar areh 


Digital v. 


Right lower limb 

anterior view 


Note: Arrows indieate 
direetion of blood flow. 
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LYMPHATie SYSTEM 

Creation and Circulation of Lymph 


Deseription 


The cardiovascular system has a elose relationship with the lymphatie system. Like the veins mnning 
through the body, the lymphatie system eonsists of a network of thin-walled vessels ealled lymphatie 
vessels. Like veins, they eontain one-way valves (semiltinar valves) that assist in circulating the 
lymph, which is under very low pressure. 

Instead of earrying blood, the lymphatie vessels earry lymph—tissue fluid that was filtered from 
the blood. In the illustration, the gray areas indieate this filtration proeess. The eomposition of 
lymph is similar to plasma—mostly water along with some solutes such as salts. 

Lymphatie vessels are eonneeted to lymphatie eapillaries and lymph nodes. Lymphatie eapillaries 
are structurally similar to blood eapillaries. Both are mieroseopie networks made of a single layer of 
simple squamous epithelium, but lymphatie eapillaries eontain flap4ike structures that make them 
more permeable than blood eapillaries. Lymph nodes are pea-sized structures that aet as tiny filters to 
elean the lymph. 

Like an oil filter eleans the motor oil in your ear’s engine, the lymph nodes filter the debris out of 
your lymph. These nodes eontain maerophages that ingest and destroy pathogens such as baeteria. 
Lymph enters a lymph node through an afferent lymphatie vessel and leaves through an efferent 
lymphatie vessel. In short, “unclean lymph in, elean lymph out.” The eleansed lymph is returned to 
the eardiovaseiilar system via the siibelavian veins. 


Flow of Lymph 


Here is a siimmary of the flow of lymph through the lymphatie system: 

Lymphatie eapillaries —► afferent lymphatie vessel —► lymph node 
efferent lymphatie vessel —► subclavian veins 


Lymph is really nothing more than filtered blood plasma. All blood eapillaries eonstantly filter 
the blood as a result of the foree of blood pressure (see p. 300). This fliiid, ealled interstitial fluid, fills 
the interstitial spaees between body eells, bathing them in fliiid. Filtration occurs at the highen 
pressure arteriole end of the eapillary. Although some of this fluid is reabsorbed at the venule end, 
there is still an excess amount. As interstitial fluid pressure builds in the interstitial spaees, it is 
shunted into the nearby lymphatie eapillaries, which aet as a drain for the excess fluid. Althoiigh this 
fluid has not ehanged its ehemieal eomposition in any way, onee inside the lymphatie eapillary, it 
now is ealled lymph. Think of this fluid eyele as reeyeling of our plasma. This helps maintain normal 
fluid levels in the blood. As shown in the ilhistration: Plasma is filtered to beeome interstitial fluid, 
which beeomes lymph, which beeomes plasma onee again. The eyele is eomplete! 


Study Tip 


The terms afferent and efferen t apply to multiple organ systems. Here is a way to distinguish them: 
Afferent as in Approaeh; Efferent as in Exit. 
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I VMPHATie SYSTEM 

Creation and Circulation of Lymph 


Afferent 

lymphatie 

vessel 






Lymph 

node 




Body eell 


Efferent 

lymphatie 

vessels 





Arteriole 
end 


Venule 

end 
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Lymph nodes filter 
debris from the 
lymph, much like 
an oil filter in your 
ear filters out debris 
from your oil. 
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Lymph 
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Valve 


Afferent 

lymphatie 

vessel 


Venule 

end 
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Color the lymphatie 
eapillaries, lymphatie 
vessels, and lymph 
nodes green. 


£ 



Lymphatie 
eapillary ' 



Capillaries of 
pulmonary 
circuit 


i/, 
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Arteriole 

end 


Plasma 



Fluid 

Cycle 


BF 



t=i(0 




The lymphatie eapillaries 
aet like a drain for 
excess interstitial fluid. 



Capillaries of 
systemie 
circuit 


Body eell 




Lymphatie 

eapillary 
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LYMPHATie SYSTEM—lmmune System 

Overvíevv 


Deseription 


This overview of the immiine system has a focus on speeifie resistanee. The immiine system proteets 
your body against foreign pathogens such as baeteria and vimses, using several lines of defense against 
these invaders. Think of a pathogenie invasion as an army of invaders attaeking another army inside a 
medieval eastle. The first line of defense is the wall around the eastle. Similarly, your body has the follow' 
ing physieal and ehemieal barriers as its first line of defense: 

1. Physieal barriers 

a. Skin: Thiek layer of dead eells in the epidermis provides proteetion. 

b. Mucous membranes: Mucous film on these membranes traps mierobes. 

2. Chemical barriers 

a. Lysozyme in tears is an antibaeterial agent. 

b. Gastrie juice in the stomaeh is highly aeidie (pH 2-3), which destroys baeteria. 


The seeond line of defense eonsists of methods of nonspeeifie resistanee that destroy invaders in a gen- 
eralized way without targeting speeifie individuals. For example, if arehers along the top of the eastle 
were to shoot arrows into the invading army or if boiling oil were poured on them, this would help kill 
clusters of enemy soldiers. Similarly, your body has some general defenses for mierobes that pass through 
the first lines of defense. A few examples are the following: 

Phagoeytie eells ingest and destroy all mierobes that pass into body tissues. 

Inflammation is a normal body response to tissue damage and other stimuli that brings more white 

blood eells to the site of pathogenie invasion. 

Fever inhibits baeterial growth and inereases the rate of tissue repair during an infeetion. 


Speeifie 

Resistanee 


The third line of defense deals with speeifie resistanee, ilhistrated on the faeing page. Think of these 
defenses like guided missiles that go after a speeifie target. In the medieval eastle, they might be speeially 
trained soldiers who aet as assassins to kill the enemy’s general. In short, they have a speeifie mission. Your 
immune system has ‘ assassin” eells that attaek mierobes. Unlike in a war in which soldiers in different 
armies are wearing different uniforms, your immune system has a more difficult time distinguishing its own 
tissues (“self”) from foreign mierobes (“non'Self”). To make this distinetion, it relies on deteeting antigens, 
which are speeifie substances foLind in foreign mierobes. Most are proteins that serve as the stimulus to 
produce an immune response. The term “antigen” is eoined from “ANTTbody GENerating substances.” 

The illustration shows the immune response to an antigen. Onee the antigen is deteeted, a dual 
response is aetivated by two groups of speeialized lymphoeytes ealled T eells and B eells. These eells are 
able to communicate with eaeh other through ehemieal signaling. T eells typieally are aetivated first. 
After they are aetivated, they ean either direetly destroy the mierobes or use ehemieal seeretions to 
destroy them. At the same time, T eells stimulate B eells to divide, forming other eells that are able 
to produce antibodies. These Y-shaped proteins eirerdate though the bloodstream and bind to speeifie 
antigens, thereby attaeking mierobes. 

Details of the meehanisms that T eells and B eells use to attaek mierobes are examined in subse- 
quent modules. Together, the T eells and B eells provide speeifie resistanee to speeifie antigens. 
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LYMPHATie SYSTEM—lmmune System 

Overvíevv 


lmmune System: Overview of Speeifie Resistanee 


® 


Direet attaek by 
aetivated T eells 




Let's get 
them! 




Antigen 


antigens 




Blood 




KEY 


Stimulus 


Response 


R 


lmmune 

Response 


Cell-mediated immiinity (CMI) * T Cells 



T eells 

get aetivated 


It 


Communication betvveen 
T eells and B eells 




B eells 

get aetivated 




Blood 





Color T eells 
and B eells 
different eolors. 
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LYMPHATie SYSTEM—lmmune System 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

Cell-Mediated lmmunity (CMI) 


Deseription 


Cell-mediated immunity (CMI) involves the aetivation of T eells (T lymphoeytes) by a speeifie 
antigen. In total, the body eontains millions of different T eells—eaeh able to respond to one speeifie 
antigen. 


Development 
ofT eells 


T eells are a speeial type of lymphoeyte. Immature lymphoeytes are produced from stem eells in 
the red bone marrow. Some of these eells are proeessed within the thymus gland—henee, T eell— 
during embryologieal development, then released into the blood. These mature T eells are loeated in 
the blood, lymph, and lymphoid organs such as the lymph nodes and spleen. 


Common 
T Cells and 
Their Fimetions 


The three major types of T eells are as follows: 

Cytotoxic T eells seerete lymphotoxin and perforin. The former trigger destmetion of the 
pathogen’s DNA, and the latter ereate holes in the pathogen’s plasma membrane, resulting in 
a lysed eell. 

Helper T eells seerete interleukin 2 (T2), which stimiilates eell division of T eells and B 
eells. This ean be thought of as reemiting more soldiers for the fight. 

Memory T eells remain dormant after the initial exposure to an antigen. If the same antigen 
presents itself again—even years later—the memory eells are stimulated to eonvert themselves 
into cytotoxic T eells and enter the fight. 


Phagoeytosis 


Phagoeytes (“eater eells”) use the proeess of phagoeytosis (“eell eating”) to ingest foreign pathogens. 
An example is a maerophage (“big eater”), which is derived from the largest white blood eells— 
monoeytes. Maerophages leave the bloodstream and enter body tissues to patrol for pathogens. As 
some phagoeytie eells engage in phagoeytosis, they present antigenie fragments on their plasma merm 
brane surface, thereby stimulating the aetivation of T eells. Consequently, they are an important part 
of the CMI. A srimmary of the phagoeytosis proeess shown in the ilhistration is: 

@ Mierobe attaehes to phagoeyte. 

^ 2 ^ Phagoeyte’s plasma membrane forms arm-like extensions that surround and engulf the mierobe. 
The encapsulated mierobe pinehes off from the plasma membrane to form a vesiele. 

The vesiele merges with a lysosome, which eontains digestive enzymes. 

^ 4 ^ The digestive enzymes begin to break down the mierobe. The phagoeyte extracts the nutrients it 
ean use, leaving the indigestible material and antigenie fragments within the vesiele. 

(5) The phagoeyte makes protein markers, and they enter the vesiele. 

The indigestible material is removed by exocytosis (see p. 54). The antigenie fragments bind to 
the protein marker and are displayed on the plasma membrane surface. This serves to aetivate T 
eells. 
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LYMPHATie SYSTEM —lmmune System 

Cell-Mediated lmmunity (CMI) 


Development of T eells 



(proeessing eenter) (T lymphoeyte) 


Common types of T eells and their functions 




Cytotoxic T eell 



Memory T eell 






Bacterium 



Lysed eell 



Stimulates eell division 
ofT eells and B eells 





Memory 
eells eonverted 
into cytotoxic 
T eells 




Bacterium 


Plasma 

membrane 


Antigenie 

fragments 


Indigestible 

material 


Protein 
marker + 
antigenie 
fragment 



Endoplasmie reticulum 
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LYMPHATie SYSTEM—lmmune System 

Antibody-Mediated lmmunity (AMI) 


Deseription 


Development 
of B Gells 


Antibody 

Production 


How Do 
Antibodies 

lA/ork? 


Antibody-mediated immunity (AMI) involves the aetivation of B eells (B lymphoeytes) by a speeifie 
antigen. This triggers the B eells to transform into plasma eells, which are able to seerete speeial 
proteins ealled antibodies. The antibodies are transported through the blood and the lymph to the 
pathogenie invasion site. In total, the body eontains millions of different B eells—eaeh able to 
respond to one speeifie antigen. Amazing! 

B eells are a speeial type of lymphoeyte. Immature B eells are produced from stem eells in the red 
bone marrow. These immatrire eells are later proeessed within the red bone marrow—henee, 
B eell—during embryologieal development to beeome mature B eells, then are released into the 
blood. The mature B eells are loeated in the blood, lymph, and lymphoid organs such as the lymph 
nodes and spleen. 

B eells ean be stimulated to divide, forming two types of numerous eells: (1) plasma eells, which 
seerete antibodies, and (2) B memory eells which exist in the body for many years, ensuring a quick 
response to the same antigen. Antibodies (immunoglobulin, or Ig) are Y^shaped proteins that are 
subdivided into five elasses: IgG, IgM, IgA, IgE, IgD. These are listed in order from the most eommon 
to the least eommon. 

Study Tip: Mnemonie: Qet Me Another Excellent Donnt! 

The basie structure on an antibody eonsists of four polypeptide ehains—two heavy ehains and two 
light ehains. Both heavy ehains and both light ehains are identieal to the other, and eaeh eontains a 
eonstant region and a variable region. The eonstant region forms the “trnnk” of the molecule, and 
the variable region forms the antigen-binding site on the antibody. Note that eaeh antibody has two of 
these antigen-binding sites. Think of these like claws on a lobster used to “grab” its speeifie antigen. 

Antibodies work through many different meehanisms, of which the following are major ones: 

1. Neutralizing antigen: the antibody ean bind to an antigen, forming an antigen-antibody 
complex. This forms a shield around the antigen, preventing its normal function. In this way, 
a toxin from a baeteriiim may be neutralized or a viral antigen may not be able to bind to 
a body eell thereby preventing infeetion. 

2. Aetivating eomplement: “eomplement” refers to a group of plasma proteins made by the 
liver that normally are inaetive in the blood. An antigen-antibody complex triggers a easeade 
reaetion that aetivates these proteins to induce benefieial responses. For example, some of 
these aetivated proteins ean ehister together to form a pore or ehannel that inserts into a 
mierobial plasma membrane. This results in a lysed eell. Other responses include chemotaxis 
and inflammation. Both of these meehanisms serve to inerease the number of white blood 
eells at the site of invasion. 

3. Preeipitating antigens: numerous antibodies ean bind to the same free antigens in sohition 
to eross-link them. This erossdinked mass then preeipitates out of sohition, making it easier 
for phagoeytie eells to ingest them by phagoeytosis (see p. 54). 

Similarly, mierobes (such as baeteria) ean be ehimped together by a proeess ealled 
aggliitination (not illustrated). The antigens within the eell walls of the baeteria are what are 
erossdinked. As with preeipitation, this is followed by phagoeytosis. 

4. Faeilitating phagoeytosis: an antigen-antibody complex aets like a warning sign to signal 
phagoeytie eells to attaek. In faet, the complex also binds to the surface of maerophages to 
further faeilitate phagoeytosis. 
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RESPIRATORV SVSTEM 


Overvievv—General Structures 


Deseription 


Analogies 


Study Tip 


The respiratory system is divided into two major divisions: upper respiratory system and lower 
respiratory system. The upper respiratory system eonsists of the nose, nasal eavity, paranasal sinuses, 
and pharynx. The lower respiratory system eonsists of the larynx, traehea, bronehi, and lungs. 

Let’s traee the pathway of a molecule of oxygen (0 2 ) through the respiratory system to its final 
destination at a body eell. The 0 2 molecule enters the nasal eavity through the external nares (nostrils). 
As it passes to the baek of this moist ehamber, it enters the nasopharynx, then the oropharynx, and 
finally the laryngopharynx. 

After passing the rigid, flapdike structure ealled the epiglottis, it enters the larynx, then passes 
through the slit-like opening between the voeal eords ealled the glottis. Next it moves through the 
long, rigid tube of the traehea until it reaehes a split in this passageway. Following the passageway 
branehing into the left lung, it enters the left primary bronchus, then enters the next split in the 
passageway, the narrower seeondary bronchus. The next braneh is the even narrower tertiary 
bronchus. Finally, the 0 2 molecule enters a mieroseopie tube ealled a bronehiole. 

This continues to braneh into a terminal bronehiole, then a respiratory bronehiole, and finally 
terminates in an air sae ealled an alveolus. This delieate air sae is the end of the bronehial tree in 
the lungs. The wall of eaeh alveohis is made of simple squamous epitheliiim, which allows for easy 
diffusion of the 0 2 molecule out of the alveolus and into the bloodstream, where it will be delivered 
to a body eell. 

The larynx looks like the head of a snapping turtle. The tmrtle’s head is the thyroid eartilage 
and the tnrtle’s lower jaw is the erieoid eartilage. The neek of the turtle is the traehea. 

The clusters of alveoli are like a wad of bubble wrap used in paekaging. Both are small, 
sac4ike structures filled with air. 

Palpate (feel by touch): 

On average, the larynx is slightly larger in males than in females, but you ean easily feel a 
portion of it in either gender. The main structure you feel beneath the skin is the thyroid eartilage, 
eommonly ealled the Adam’s apple . The portion of the Adam’s apple that protmdes most anteriorly 
is ealled the laryngeal prominenee. 




Key to lllustration 



Larynx (L) 

Llpper Respiratory Traet (UP) 

Lower 

Respiratory Traet (LO) 

L1. 

Thyrohyoid membrane 

UP1. Frontal sinus 

LOI. 

Voeal fold 

L2. 

Thyroid eartilage 

UP2. Sphenoidal sinus 

L02. 

Traehea 

L3. 

Laryngeal prominenee 

UP3. External nares (nostrils) 

L03. 

Traeheal rings 

L4. 

Cricothyroid ligament 

UP4. Nasal eavity 

L04. 

Parietal pleura 

L5. 

Cricoid eartilage 

UP5. Superior eoneha 

L05. 

Viseeral pleura 



UP6. Middle eoneha 

L06. 

Loeation of earina 



UP7. Inferior eoneha 


(internal ridge) 



UP8. Pharyngeal tonsil 

L07. 

Primary bronchus 



UP9. Nasopharynx 

L08. 

Seeondary bronchus 



UP10. Palatine tonsil 

L09. 

Tertiary bronchus 



UP11. Oropharynx 

LOIO. 

Terminal bronehiole 



UP12. Lingual tonsil 

LO11. 

Respiratory bronehiole 



UP13. Epiglottis 

L012. 

Alveoli 



UP14. Laryngopharynx 

L013. 

Simple squamous epithelium 
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Overview—General Structures 
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the right lung 
has three lobes. 
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RESPIRATORV SVSTEM 

Traeing the Pathway of an Oxygen Molecule 

The following flowchart gives the pathway of oxygen through the respiratory system and into a body eell: 

1. External nares (nostrils) 

4 

2. Nasal eavity 

4 

3. Nasopharynx 

4 

4. Oropharynx 

4 

5. Laryngopharynx 

4 

6. Larynx 

4 

7. Traehea 

4 

8. Primary bronchus 

4 

9. Seeondary bronchus 

4 

10. Tertiary bronchus 

4 

11. Bronehiole 

4 

12. Terminal bronehiole 

4 

13. Respiratory bronehiole 

4 

14. Alveolus 

4 

15. Erythroeyte (red blood eell) 
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Traeíng the Pathway of an Oxygen Molecule 
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RESPIRATORV SVSTEM 

Meehaníes of Breathíng 


Ooneept 1: 
Atmospherie 
Pressure (AP) 

Atmospherie pressure (AP) is a foree that eombines the weight of all the gases in the air we breathe. Of the 
many gases, the most abundant are: nitrogen (N 2 ), oxygen (O z ), earbon dioxide (C0 2 ), and water vapor 
(H z O). Eaeh oof these gases has a different mass. 

AP is the foree on any surface that eomes in eontaet with air. In the illustration, AP is indieated by the 
blaek arrows pushing against the external surface of the little boy’s body. Even though he ean’t actually feel its 
presenee, it is there. 

The other illustration shows a barometer —a deviee used to measure the AP. A glass beaker is shown filled 
with liquid mercury (Hg). As the AP pushes down on the surface of this liquid, it forees the mercury into the 
open end of the glass tube so it rises to a speeifie height. At sea level, the standard measurement is 760 mm Hg. 
This number ehanges as the elevation ehanges. The higher the elevation, the lower the AP. For example, a 
mountain elimber and a person strolling in the park at sea level experience different AP. The moimtain elimber 
has less atmosphere above him, so he has less AP than the person in the park. 

Ooneept 2: 
Boyle's Law 

Boyle’s law is a gas law stating that volume and pressme have an inversely proportional relationship for a gas held 
at a eonstant temperatme. The ilhistration shows a elear, hollow sphere eontaining five gas molecules. These 
molecules have kinetie energy, so they randomly bounce around against the wall of the sphere. This is the source 
of the foree of pressure inside the sphere. 

Consider what would happen if the small sphere were to inerease in size. Has the number of gas molecules 
ehanged? No. Five gas moleeiiles are still present. The only thing that has ehanged is the inner volrime of the 
sphere. If the vohime inereases, what do you prediet will happen to the pressure inside/ That’s right. It will deerease. 

If we refer to the vohime and pressure in the small sphere as V x and P x and use V 2 and P 2 for the enlarged 
sphere, Boyle’s law ean be expressed as this equation: V^ X P t = V 2 X P 2 . The product of the vohime and 
pressure in the first sphere shonld be equivalent to the product of the vohime and the pressure in the seeond 
sphere. Fill in the given nrimbers, and plug them into the foramla to see if this relationship holds true. 

Applieation: 
Meehanies 
of Breathing 

In addition to knowing atmospherie pressure and Boyle’s law, we need to understand the terms interpleural 
pressure and alveolar pressure, so we ean understand the meehanies of normal breathing. Interpleural pressure 
is the pressure inside the small, liquid"filled pleural spaee around the hmgs. At rest, the normal vahie is 756 mm 
Hg. The pressure inside the hmgs at any given moment is ealled the alveolar pressure. Its normal vahie at rest is 
the same as the normal AP, or 760 mm Hg. Normal, quiet breathing is a repeated eyele of inhalations and 
exhalations. Inhalation is an aetive proeess because it requires the eontraetion of muscles such as the diaphragm 
and the external intereostal muscles between the ribs. In eontrast, an exhalation is a passive proeess because it 
mainly involves reeoil of the elastie eonneetive tissue in the hings and thoraeie wall. Fet’s siimmarize the steps 
involved in a normal inhalation and a normal exhalation. 

Steps in a normal inhalation: 

0 Diaphragm and external intereostal muscles eontraet 

(2) Thoraeie eavity inereases in size; lung volume expands 

(3) Alveolar pressure drops from 760 to 758 mm Hg 

0 Air flows into lungs down its pressure gradient from 760 to 758 mm Hg 

(Note: There is no such thing as “suction.” We do not “suck” air into the hmgs. Instead, air flows from a re- 
gion of higher pressure to a region of lower pressure. This continues until the alveolar pressure is equal 
to the AP (760).) 

Steps in a normal exhalation: 

0 Diaphragm and exterior intereostals relax 

0 Thoraeie eavity deereases in size; hmg volume deereases 
(3) Reeoil effeet from hmgs and thoraeie wall 

0 Alveolar pressure inereases from 760 to 762 mm Hg 

@ Air flows out of the lungs down its pressure gradient from 762 to 760 mm Hg. This eontimies until the 
alveolar pressure is equal to the AP (760 mm Hg). 
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Meehanies of Breathing 




AP is a foree that is 
exerted on any 
surface that eomes 
in eontaet with air. 
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CONCEPT 2: BOYLE'S LAW 




Volume (V'i) = 2 
Pressure (Pi) = 2 


Volume (V^) = 4 
Pressure (P 2 ) = 1 




Formula: 


Color the gas 
molecules. 


V-j xPi = V 2 x P 2 



During inhalation, 
the ribs swing upward 
and outward like 
the handle on a pail. 
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Color the numbers for alveolar 
and interpleural pressures; 
Color the regional areas 
for alveolar and 
intrapleural pressures. 




The reeoil effeet 
during exhalation 
is like the tension 
being released from 
a mbberband. 
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RESPIRATORV SVSTEM 

Surfactant, Surface Tension, and Lung Compliance 


Alveolar 
Structure 
and the 
Respiratory 

Membrane 

The lungs eontain about 300 million alveoli. Like the bubbles in bubble wrap, the alveoli (sing. alveolus ) 
are the delieate, mieroseopie air saes where gas exchange occurs between the lungs and the blood. Eaeh 
alveohis is eomposed of three different types of eells: 

1. Simple squamous epithelial eells (Type I eells) 

2. Surfactant-secreting eells (Type II eells) 

3. Alveolar maerophages (dust eells ). 

The numerous simple squamous epithelial eells make up the wall of eaeh alveolus, and their flat shape 
allows for better diffusion of respiratory gases (oxygen and earbon dioxide). The surfactant-secreting eells 
are fewer in number and are seattered within the alveoli. They seerete surfactant—an oily fluid film that 
lines the inside of the alveoli like a soap bubble and serves to reduce surface tension to prevent eollapse. 
The alveolar maerophages are the “housekeepers” of the alveoli. They move around and engulf miero- 
organisms, dust partieles, and other debris to keep the lungs elean and free of disease. 

Reeall that the blood flows to eaeh lung through the pulmonary arteries (left and right). Eaeh of 
these vessels branehes and beeomes smaller until it finally reaehes numerous eapillary beds that surround the 
alveolar saes—clusters of alveoli. This structural relationship is like a plastie mesh bag (blood eapillaries) 
surrounding a cluster of grapes (alveolar sae) at the market. The respiratory membrane is ealled the 
“blood/air barrier” and is very thin to allow for easy diffiision of oxygen and earbon dioxide. This is the site 
where oxygen diffuses from alveohis to blood and earbon dioxide diffuses from blood to alveolus. This 
structure eonsists of the fusion of the alveolar and eapillary walls. More speeifieally, it is where the simple 
squamous epithelium of the alveohis meets the simple squamous epithelium of the eapillary. 

Surfactant 
and Surface 
Tension 

Surface tension is both a foree and a property of water, attributed to the faet that water molecules are 
polar, or eharged. Like mini-magnets, the oxygen end of any water molecule is slightly negative and the 
hydrogen end is slightly positive. When the negative end of one water molecule aligns itself with the 
positive end of another, a hydrogen bond is formed. In faet, water moleeiiles are always rearranging thenv 
selves to maximize the number of hydrogen bonds because this is the most stable state for them. This gives 
water a high degree of surface tension and explains, by the way, why the inseet ealled a water strider ean 
stand on the surface of the water. 

Surfactant is a fluid seereted by surfactant-secreting eells (Type II eells) that eontains a mixture of 
phospholipids and lipoproteins. It functions to reduce the surface tension on alveoli to prevent them from 
eollapsing after exhalation. If pure water were to line the inside of the alveoli, the surface tension in the 
water would tend to pull inward on the alveoli. During exhalation, the delieate alveoli would eollapse 
because of the high surface tension on them. Surfactant reduces the amoimt of hydrogen bonds in the 
water normally found inside the alveoli, thereby reducing the surface tension. This keeps the alveoli partly 
inflated at all times. During normal breathing, the alveoli would look like slowly pulsating spheres that 
expand in size during inhalation and reduce in size during exhalation. This proeess is more energy- 
effieient than if we had to refill eollapsed alveoli with every inhalation. 

Lung 

Compliance 

Note: Lung eomplianee is the only topie not illiistrated on the faeing page. 

Lung eomplianee is a measure of the degree of effort needed to expand the limgs and thoraeie wall. This is 
determined primarily by two faetors: (1) elastieity of lung tissue, and (2) alveolar surface tension. Two 
states of eomplianee are mentioned—high and low. Normal, healthy lungs have a high degree of eomplianee 
because of the elastie eonneetive tissue within the lungs and the reduced surface tension in the lungs 
because of surfactant. States of low eomplianee typieally occur with respiratory disorders. 

For example, a premature baby may laek the normal surfactant found in a newborn. This inereases 
surface tension on the alveoli. Emphysema also leads to lower eomplianee because of destmetion of the 
elastie eonneetive tissue around the alveoli. In short, any disease state that inereases alveolar surface 
tension and/or damages normal elastie eonneetive tissue in the lungs will result in lowered eomplianee. 
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Surfactant, Surface Tension, and Lung Compliance 


Alveolar Structure and 
the Respiratory Membrane 
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RESPIRATORV SYSTEM 


Diffusion of 0 2 and C0 2 


This module deals with the following eoneepts: 

Dalton’s law 
Henry’s law 

Diffusion of 0 2 and C0 2 into and out of the blood 
External respiration and internal respiration 


Dalton's Law 


Dalton’s law is a gas law that deals with partial pressures 
of gases. It states that in a mixture of gases (like the air ive 
breathe), eaeh gas exerts its ou>n partial pressme. Therefore, 
the sum of all the partial pressures is the total pressure 
exerted by the gas mixture. 

Consider a harometer that meastires atmospherie 
pressure (AP). At sea level, the normal AP is 760 mm 
Hg. Air eontains the following gases: nitrogen (78%), 
oxygen (21%), water vapor (0.4%), earbon dioxide 

(0.04%), and other gases (0.06%). The partial pressiire of nitrogen gas (Pn 2 ) is 78% of 760 or 597 mm Hg. The 
partial pressiire of oxygen (Po 2 ) is 21% of 760, or 159 mm Hg. Therefore, the eombined partial presstires from 
nitrogen and oxygen aeeotmt for 99% of atmospherie pressure (756 of the 760 total). In the body, we have to eon- 
sider the partial pressures of physiologieally important gases such as 0 2 and C0 2 in the alveolar air and the blood. 



Henry's Law 


Diffusion of 

0 2 and C0 2 
Into and 0ut 
of the Blood 


External 
Respiration 
and Internal 
Respiration 


Another gas law, Henry’s law states that at a given temperature, the amount of gas dissolved in a liquid is direetly 
proportional to the partial pressure of that gas. Gases normally move in and out of solution, with some being more 
soltible in liquids than are others. For example, earbon dioxide (C0 2 ) is highly soluble in water—much more so 
than oxygen (0 2 ). 

As an example of a gas moving out of solution, let’s eonsider soda pop. All sodas eontain earbonated water— 
C0 2 dissolved in water. Although much of the C0 2 remains in sohition, some is found in the air inside the bottle. 
If you open a soda and allow it to sit out at room temperature for a long time, all the C0 2 eventually will move out 
of solution and the soda will go “flat.” If you shake a fresh bottle, you ean see the C0 2 bubble out of solution, 
which builds up pressure inside the bottle. This inerease in pressure causes the soda to shoot out when the bottle is 
opened. Similarly, in the lungs, C0 2 moves out of solution from the blood eapillaries and into the alveolar air. 

The blood Pco 2 level is about 45 mm Hg as it approaehes the lungs, and the 
Pco 2 in the alveoli is about 40 mm Hg. Because of the small gradient, C0 2 
slowly diffuses out of the blood and into the alveoli. As the blood leaves the 
lungs, the Pco 2 level has dropped slightly, to about 40 mm Hg. Because tissues 
produce C0 2 as a byproduct of normal metabolism, it gradually diffuses baek 
into the blood causing the Pco 2 levels to rise baek to 45 mm Hg. Therefore, 
the Pco 2 levels in the blood have a narrow range, between 40-45 mm Hg. This 
stable amount of C0 2 forms biearbonate in the blood, which helps buffer the 
blood’s pH to keep it in the normal range of 7.35-7.45. 

The blood Po 2 level is about 40 mm Hg as it approaehes the lungs, while 
the Po 2 of the alveolar air is about 105 mm Hg. Because of the large gradient, 

0 2 quickly diffuses into the blood. Because the hemoglobin in the red blood 
eells is espeeially effieient at binding 0 2 , the blood Po 2 levels rise to 100 mm 
Hg—the typieal level for oxygenated blood. When the oxygenated blood approaehes tissues that are low in 
oxygen, it rapidly diffuses into tissues. In deoxygenated blood, the Po 2 drops to about 40 mm Hg. In short, the blood 
Po 2 levels vary widely, from 40 mm Hg in deoxygenated blood to 100 mm Hg in oxygenated blood. 

External respiration occurs between the alveoli in the limgs and the blood eapillaries; 0 2 moves from the 
alveoli into the blood and C0 2 moves from the blood into the alveoli. 

Internal respiration occurs between the blood eapillaries and body eells; 0 2 moves from the blood into body 
eells and C0 2 moves from the body eells (where it is produced as a waste product) into the blood. 

Onee oxygen is inside body eells, it is used in the important proeess of cellular respiration (see p. 406). 





Shake it up! 
C02 bubbles out 
of solution. 


The inerease in 
pressure causes 
the soda to 
burst out. 
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RESPIRATORV SVSTEM 


Diffusion of 0 2 and C0 2 
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Hemoglobin: Structure and Function 


Deseription 


Function 


Two States for 
Hemoglobin 


Hemoglobin (Hb) is a protein pigment found in red blood eells. Eaeh Hb 
molecule is eomposed of four subunits: alpha 1, alpha 2, beta 1, and beta 2. 
Eaeh subunit has an iron'eontaining heme group where a molecule of oxy- 
gen is able to bind. 

The primary function of Hb is to transport oxygen from the liings to the 
body eells but it also transports some earbon dioxide from the body eells to 
the limgs. It is a pigment because its eolor ehanges depending on whether 
oxygen is bound to the molecule. It is bright red in its oxygenated form but 
ehanges to dark red in its deoxygenated form. 


alpha 1 


beta 1 



Hemoglobin 

molecule 


With respeet to oxygen transport, hemoglobin exists in two states: oxyhemoglobin or deoxyhemo- 
globin. Deoxyhemoglobin is the state in which no oxygen is bound to Hb. Onee inside the eapillaries 
in the lungs, eaeh Hb molecule binds one molecule of oxygen at a time to hold a maximum of four 
O z moleeiiles. After binding its fourth oxygen molecule, it is saturated with oxygen and said to be in 
its oxyhemoglobin form. 


Deoxyhemoglobin 

and 

Oxyhemoglobin 
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Color bright red. 



Oxygen transport 
by hemoglobin 
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Deoxyhemoglobin 

is like a taxicab 
with no passengers. 


Oxygen diffuses 
from the alveoli 
into the blood. 
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RESPIRATORY SYSTEM 


Hemoglobín: Structure and Function 




Capillary 


Red blood eell (RBC) 
—Surface view 



A molecule of Hb is functionally like a taxicab. Just 
as a taxicab pieks up passengers at the airport and 
drops them off at their hotel, hemoglobin pieks up 
oxygen from the lungs and delivers it to tissues. It 
also pieks up some of the earbon dioxide generated 
from body eells and delivers it to the lungs. Just like 
a taxicab has seats for its passengers, an Hb 
molecule has four binding sites for oxygen. 
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RESPIRATORV SVSTEM 


Oxygen-Hemoglobin Dissoeiation Curve 


Deseription 


About 98% of all the oxygen (O z ) is transported through the blood on hemoglobin (Hb). That 
means only about 2% remains to be released at the tissues. Because all tissues need oxygen to survive, 
it is vital to understand faetors that aid in oxygen binding to, and releasing from, hemoglobin. The 
binding of 0 2 to Hb depends primarily on the partial pressme ereated by oxygen (Po 2 ) in the blood (see 
p. 352). When the pereent saturation of Hb is plotted versus the blood Po 2 , it yields a graph ealled 
the oxygen-hemoglobin dissoeiation curve. 

Reduced Hb is like a taxicab without any oxygen “passengers.” When the taxi is filled with 
four passengers, it is oxyhemoglobin (see p. 354). This eyele ean be represented by the reversible re- 
aetion given below: 

Hb + O z ^ Hb-0 2 

reduced hemoglobin oxyhemoglobin 


Examp!es 


Let’s interpret the curve aeeording to the three different points numbered #1-3: 

(?) At a Po 2 of 100, hemoglob in is about 98% saturated with oxygen. An example of this would be 
the blood eapillaries in the lungs. Because of the high Po 2 in the air saes (alveoli) in the limgs, a 
large amount of oxygen diffuses rapidly into the blood eapillaries surrounding the alveoli and 
immediately binds to hemoglobin. 

(2) At a Po 2 of 40, hemoglobin is about 75% saturated. On average, this is the typieal blood Po 2 for 
tissues at rest. This means that 25% of the available 0 2 is released from hemoglobin to be used 
by tissues at rest. 

(3) At a Po 2 of 20, hemoglobin is about 35% satiirated. This is a typieal blood Po 2 for aetive tissues 
such as eontraeting muscle tissues during exercise. Notiee that a large release of the available 
O z —about 65%—eomes with only a small ehange in Pq 2 (20 mm Hg). 


Other Faetors 


Variables of 
Temperature ; 
pH, and P C02 


Other faetors determine the affinity of hemoglobin for oxygen. These faetors ean shift the normal 
curve to the left (higher affinity) or to the right (lower affinity), as indieated by the arrows in the 
illustration. A shift to the left enhanees the binding of oxygen to hemoglobin, and a shift to the left 
enhanees the release of oxygen from hemoglobin. 


Other variables also influence the binding of oxygen to hemoglobin. Exercise provides a praetieal 
example of three related variables that we will examine: body temperature, pH, and Pco 2 - During 
exercise, skeletal muscle tissue beeomes more metabolieally aetive and ehanges the normal oxygen- 
hemoglobin dissoeiation curve in the following ways: 


Effeet of body temperature—Oontraeting skeletal muscles generate more heat. This inerease 
in temperature causes a shift to the right (lower affinity for oxygen), making it easier to release 
more oxygen from hemoglobin and deliver more oxygen to the aetive muscle tissue. 


Effeet of blood pH—pH within muscle eells beeomes more aeidie because of the production 
of laetie aeid and earbonie aeid. As a result, free hydrogen ions (H + ) inerease. Some H + bind 
to hemoglobin. This induces a subtle shape ehange that causes another shift to the right. 


Effeet of P co , ,—All metabolieally aetive tissues produce more C0 2 as a waste product. As 
with H + , some of the C0 2 also binds to hemoglobin, inducing another shape ehange that 
causes a shift to the right. 
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RESPIRATORV SVSTEM 


Oxygen-Hemoglobin Dissoeiation Curve 
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RESPIRATORV SVSTEM 


Transport of C0 2 and 0 2 


Deseription 



CO z and 0 2 are transported in the blood in different ways, as deseribed below. 

At the Tissues: C0 2 is loaded into the blood, and 0 2 is imloaded into tissues eells. 

• co 2 is transported in three different ways: 

(?) About 7% remains dissolved in the plasma as C0 2 . 

The majority—about 70%—is transported in the form of biearbonate ions (HC0 3 ). How? 
After C0 2 diffuses into red blood eells (RBCs), it rmdergoes a ehemieal reaetion with 
water that produces an unstable intermediate product ealled earbonie aeid (H 2 C0 3 ). This 
reaetion is fast, aided by the enzyme earbonie anhydrase. Because earbonie aeid is unstable, 
it immediately deeomposes into biearbonate ions (HC0 3 ) and hydrogen ions (H + ). 

The levels of HC0 3 quickly build up inside the RBC. The excess HC0 3 has to be 
moved out into the plasma so more C0 2 ean be eonverted into HC0 3 . This is aeeomplished 
by the ehloride shift, where a membrane protein exchanges a HC0 3 ion for a Cl“ ion. 
Eaeh ion has the same eharge, so this does not result in any ehange in total eharge aeross 
the membrane. 

About 23% is transported as earbaminohemoglobin (Hb-C0 2 ) when C0 2 loosely binds to 
hemoglobin (Hb). Sinee the main function of hemoglobin is to transport 0 2 , C0 2 binds to 
a different binding site on the molecule than 0 2 so the two gases are not eompeting for the 
same binding site. 

0 2 is rmloaded to tissLie eells in two different ways: 

@ Slightly more than 98% of the 0 2 is transported in the form of oxyhemoglobin (Hb-0 2 ) 
when 0 2 loosely binds to hemoglobin (Hb). Then oxyhemoglobin releases the 0 2 and it 
diffuses tissue eells. Here it is used in cellular respiration. Some of the excess hydrogen 
ions (H + ) already present in the RBC temporarily bind to Hb to form H-Hb. 

(2) Slightly under 2% of the 0 2 is dissolved in the plasma as 0 2 . Some of this diffuses into 
tissue eells. 



In the Lungs—C0 2 is unloaded into the alveoli, and 0 2 is loaded into the blood. 


C0 2 is transported in the reverse as to how it was at the tissues. 



Some of the C0 2 dissolved in the plasma diffuses into the alveoli. 



The ehemieal reaetion between C0 2 and water mns in reverse. In other words, the biear- 
bonate ions (HC0 3 ) and hydrogen ions reeombine to form earbonie aeid (H 2 C0 3 ) 
again. Then, earbonie aeid deeomposes into C0 2 and water. The C0 2 that is liberated 
from this proeess diffuses into the alveoli. 


The ehloride shift is reversed in the lungs. In other words, a membrane protein transports a HC0 3 
into the RBC in exchange for moving a Cl“ into the plasma. This sripplies lots of HC0 3 for the 
purpose of continuing to run the reaetion in the reverse direetion. 



C0 2 is released from earbaminohemoglobin and it diffuses into the alveoli. 


• o 2 is transported in the reverse as to how it was at the tissues. 



Over 98% of the 0 2 diffuses into red blood eells and loosely binds to hemoglobin (Hb) to 
form oxyhemoglobin (Hb'O z ). Some hydrogen ions (H + ) are produced as a byproduct. 


(2) Less than 2% of the 0 2 diffuses into the blood and remains dissolved in the plasma as 0 2 . 
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RESPIRATORV SVSTEM 


Transport of C0 2 and 0 2 


At the Tissues 



Simple squamous 
epithelium 


C 02 loading; 
O 2 unloading 




Simple squamous 
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Note: Thiekness of the lines 
indieates the relative amounts of 
eo^ or ^2 in eaeh pathway. 
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molecules blue 
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RESPIRATORV SVSTEM 


Neural Control of Respiration 


Deseription 


eiassie 

Explanation 


Changes in 
Naming and 
Conceptual 
(Jnderstanding 


We take the rhythm and eoordination of normal breathing for granted. The pattern of inhaling and 
exhaling eonstantly repeats itself. At rest, we take an average of 12-16 breaths per minute. This 
deeeivingly simple proeess actually is complex and is regulated by the nervous system. The latest 
researeh has revealed that this meehanism is even more complex than previously thought. 


In the elassie explanation, ehisters of speeifie neurons constitute respiratory eontrol eenters loeated 
in two regions of the brain stem—the mediilla oblongata and the pons. The medrdla oblongata sets 
the rate and rhythm of normal breathing. The pons regulates the rate and depth of breathing. 

Medullary Respiratory Oenters: DR6 and VR6 

The dorsal respiratory group (DRG) is ealled the “inspiratory eenter” because it 
stirmilates inhalations. Like a sparkplug, the neiirons in the DRG fire in regular 
bursts. Eaeh burst lasts about 2 seeonds. As this happens, it simultaneously sends 
impulses along the phrenie nerve (to the diaphragm) and the intereostal nerves 
(to the external intereostal muscles of the ribs). This stimulates these muscles to 
eontraet, which inereases the size of the thoraeie eavity and pulls air into the 
lungs. A 3-seeond delay between consecutive firings of the DRG allows time for a passive exhala- 
tion to follow eaeh inhalation. 

The ventral respiratory eenter (VRG) is ealled the “expiratory eenter,” but it is aetive only during 
a foreed exhalation. During normal breathing, the VRG is inaetive because exhalation is a passive, 
reeoil proeess that does not require stimulation of muscles. During a foreed exhalation, though, the 
DRG sends impiilses to stimulate the VRG. The VRG responds by sending impiilses to the inter- 
nal intereostal muscles and abdominal muscles, which then eontraet, deereasing the size of a tho- 
raeie eavity for a foreed exhalation. 



Pons Respiratory Oenters: Pneumotaxic Center (PC) and Apneustic Center (AC) 

The pneumotaxic eenter (PC) is “the regulator.” It is like a traffie eop eoordinat- 
ing the flow of traffie to keep it mnning smoothly. Similarly, the pons eoordinates 
the transition between inhalation and exhalation. It also prevents overinflation 
of the lungs by ahvays sending inhibitory impiilses to the inspiratory eenter 

(DRG). 



The apneustic eenter (AC) also eoordinates the transition between inhalation 
and exhalation by fine"tuning the mediillary respiratory eenters. It aeeomplishes this by sending 
stimulatory impulses to the inspiratory eenter (DRG), which result in a slower, deeper inhalation. 
This is neeessary when you ehoose to hold your breath. The pneumotaxic eenter is able to inhibit 
the apneustic eenter so a normal breath is not too slow or too deep. 


The latest understanding brings a slight ehange in naming and conceptual understanding. Let’s look 
at eaeh, in turn. As for the naming, a new term has been introduced: the respiration regnlatory eenter. 
This eonsists of all the aforementioned eontrol eenters (DRG, VRG, PC, and AC). But instead of 
eonsidering them as individual units, they now are thought of as being strung together in a loop or a 
circuit. This makes the elassie definition of eaeh eontrol eenter a little more murky. 

Conceptually, the latest thinking is that the respiration eontrol eenter aets as a eentral pattern 
generator, or CPG. Like an eleetrieal eireiiit, CPGs are neural circuits that generate periodie motor 
eommands for rhythmie movements. The CPGs function automatically most of the time while also 
allowing vohmtary eontrol to override them. 
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RESPIRATORV SVSTEM 


Neural Control of Respíration 


Respiration Regulatory Center 

PC = pneumotaxic eenter 
AC = apneustic eenter 
VRG = ventral respiratory group 
DRG = dorsal respiratory group 


Brain 


different eolors. 


External 

intereostal 

muscles 



Internal 
intereostal 
muscles 




PC = Pneumotaxic 
Center 



is like 
the 
traffie 
eop who 
keeps the 
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RESPIRATORV SVSTEM 


Chemical and Neural lnfluences on Respiration 


Deseription 


Functions 


Even though the medtilla ohlongata and the pons eontrol the typieal rate and rhythm of normal breathing, they 
must be able to inerease or deerease the breathing rate when needed. To do so, these respiratory eenters in the 
brain stem reeeive variotis inputs from different parts of the body. This module summarizes the different types of 
input reeeived and indieates whether it has a stimulatory or an inhibitory influence on normal breathing. 

Chemoreceptors 

Chemoreceptors are sensory neurons that are sensitive to shifts in speeifie ehemieals in the blood, such as C0 2 , 
H + , and 0 2 . Ohanges in C0 2 levels are the primary stimulus, and ehanges in 0 2 levels aet as a seeondary stimulus. 

Peripheral ehemoreeeptors are loeated in the aortie areh and the eommon earotid arteries. Consider what 
happens during exercise: Po 2 levels fall as skeletal muscle eells eonstime more oxygen; Pco 2 levels inerease as 
skeletal muscle eells beeome more metabolieally aetive; and H + levels inerease, which makes the blood more 
aeidie. Why? C0 2 diffuses into the blood. In the presenee of the enzyme earbonie anhydrase, it ehemieally 
reaets with water (H z O) to form earbonie aeid (H 2 C0 3 ), which dissoeiates into H + and biearbonate (HC0 3 ~). 
In this way, an inerease in C0 2 results in an inerease in H + . All of these eonditions stimrilate an inerease in 
respiration rate to supply the skeletal muscle eells with more 0 2 and rid the body of excess C0 2 . 

Central ehemoreeeptors are loeated in the medulla oblongata. They monitor Pco 2 levels and the pH of the 
eerebrospinal fluid (CSF). As mentioned above, as C0 2 levels inerease, this also causes the pH of the CSF to 
beeome more aeidie, which stimrilates an inerease in respiration rate. 

Hypothalamie Controls 

The hypothalamus has many flinetions. For example: 

The hypothalamus regtilates body temperatiire. An inerease in body temperature from a fever restilts in an 
inereased breathing rate. A deerease in body temperature deereases breathing rate. 

The hypothalamus has eonneetions with the limbie system, our “emotional brain.” In times of emotional stress 
stieh as fear or anxiety, stimulatory impulses are sent to the inspiratory eenters to inerease breathing rate. 

Polmonary Oontrols 

The lungs eontain two important types of reeeptors: irritant reeeptors and streteh reeeptors. 

Irritant reeeptors are loeated in the bronehioles. They deteet airborne partieles such as dust and eigarette 
smoke, which results in stirmilating reflex pathways to eonstriet bronehioles and deerease breathing rate. 
Other reflexes, such as coughing and sneezing, may be triggered also. 

Streteh reeeptors ( baroreeeptors ) are loeated in the walls of the bronehi and bronehioles. As they deteet 
stretehing dtiring inflation of the flmgs, they send inhibitory impulses direetly to the medtillary inspiratory 
eenter. This results in an expiration and the lungs relax. In this relaxed state, the streteh reeeptors no longer 
are stiimilated, so the inhibition is lost and a new inspiration begins. This reflex is ealled the inflation ( Hering' 
Breuer) reflex. The ptirpose seems to be a proteetive meehanism to prevent overinflation of the flmgs. 

Voliintary Oontrols—Oerebral Cortex 

The eerebral cortex is the voluntary eontrol over the body’s aetivities. This ean lead to either an inerease or a 
deerease in respiration rate. For example: We may eonseiotisly ehoose to hold our breath. This stimiilates motor 
neurons to send stiimilatory impulses direetly to our respiratory muscles for breathing. We may ehoose to go into a 
deep meditative state, which indireetly leads to a deerease in respiration. 

Proprioeeptors 

Proprioeeptors are loeated in mtiseles, tendons, and joints. They monitor the tension in muscles and the move- 
ment and position of joints and deliver the information to the brain. For example, at the beginning of exercise, as 
tension in mtiseles and movement in joints inereases, it stimulates an inerease in respiration rate. 

Other Influences on Respiration 

Pain: Stidden, acute pain may trigger apnea (absenee of breathing), and extended somatie pain inereases 
respiration rate. 

Blood pressure (BP): A quick inerease in BP deereases respiration rate, and a drop in BP inereases respiration 
rate. 
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RESPIRATORY SYSTEM 


Chemícal and Neural lnfluences on Respiration 
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DIGESTIVE SVSTEM—Striietiire and Fiinetion 

Overvíew: General Structures 


Overview of 
the Digestion 
Proeess 


Let’s look at the digestion proeess by examining what happens when eating a ham sandwich. The 
proeess begins in the mouth with meehanieal digestion—the physieal breakdown of food from 
chewing. The sandwich eontains many different nutrients inehiding stareh—the complex earbohy^ 
drate in the bread, protein in the ham, and lipids (example: triglyeerides) in the mayonnaise. Eaeh of 
these maeromoleeides has to be broken down by ehemieal digestion into its fimdamental building 
bloeks so they ean be used by body eells: 


Complex earbohydrates 

Proteins 

Lipids 


> Monosaeeharides 


Amino aeids 

■> Monoglyeerides and fatty aeids 


Overview of 

Ohemieal 

Digestion 


The proeess is a series of eatabolie reaetions that breaks ehemieal bonds in the maeromoleeiiles with 
the help of digestive enzymes. Different enzymes are required for different macromolecules, shown on 
the illustration. 

Note: The enzymes are shown in italies , and the ieons indieate the loeation in the digestive system. 



= mouth 



= stomaeh 



= small intestine 
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DIGESTIVE SVSTEM—$tructure and Function 

Overview: General Structures 


NLITRIENTS in a HAM SANDWICH 



I love ham 
sandwiches! 


O 
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Bread 

(eontains complex 
earbohydrates 
like stareh) 


Stareh 



Ham 

(eontains 

protein) 


Ooooìdooì 

Protein 


Triglyeeride 


to C? 

0 ° 0 


Mayonnaise 

(eontains lipids 
like triglyeerides) 



Oral 
eavity 


Nasal eavity 


Parotid salivary gland 


Tongue 


o> 

Mandible 


Epiglottis 


Sublingual 
salivary gland 

Submandibular 
salivary gland 


THE DIGESTIVE SYSTEM: OVERVIEW 


Color 

different 

organs 

different 

eolors. 


Bolus of food 


Accessory % 

glands 

(salivary glands, 
liver, gallbladder, 
and panereas) 

Enzyme 
(ex; amylase) 


Digestive 

traet 

(tube from 
mouth to 
anus) 








Body 

eell 



Circulatory 

system 



Waste 


Human body 


1. Macromolecules in food are ingested. 

2. Enzymes are released from glands that 
aid in breaking down macromolecules 
into smaller products that the eells ean 
use. 

3. Final products are absorbed into the 
bloodstream. 

4. Final products are transported through the 
bloodstream and finally delivered to eells, 
where they ean be used as nutrients. 

5. Waste products are eliminated from the 
body. 


Duodenum 
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intestine 



Jejunum 


Appendix 


Large 

intestine 
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DIGESTIVE SVSTEM—Structure and Fiinetion 

Neural Regulation of Digestíon 


Deseription 

Phases 


Divisions 


The regiilation of digestion is eontrolled simultaneously by the autonomic nervotis system (ANS) and by hon 
mones. This module focuses on the role of the nervotis system in regtilating digestion. 

Control of digestion ean be divided into three phases: (1) eephalie phase, (2) gastrie phase, and (3) intestinal phase. 

© Cephalic Phase 

The eephalie phase begins before any food enters the oral eavity. The sight, smell, thought or first taste of food 
stimulates reflexes to inerease the production of saliva, gastrie seeretions, and panereatie seeretions. The eolleetive 
ptirpose of this response is to prepare the digestive traet to reeeive food. This phase produces aboiit 10% of all 
gastrie seeretions. Key digestive eontrol areas in the nervotis system inelride the eerebral cortex, hypothalaimis, 
and medulla oblongata. Various stiimili (from food) are sent throiigh nerve impulses to the eerebral cortex, where 
they are interpreted. Then the eerehral cortex responds hy sending imptilses to the medulla. 

The hypothalamus eontains the feeding eenter. Speeifie stimuli, such as smells and tastes of food, stimulate 
nerve impulses to be sent to the feeding eenter in the hypothalamris. This causes the hypothalamus to send nerve 
imptilses to the mediilla oblongata. 

As stimulatory impulses are sent to the mediilla oblongata from both the eerebral cortex and the hypothala- 
irnis, the medulla responds by sending out nerve imptilses that produce three key responses: (1) inereased saliva 
prodtietion, (2) inereased gastrie seeretions, and (3) inereased panereatie seeretions (small amount). More speeifi- 
eally, impulses sent from the medulla oblongata down the vagus nerve stiimilate both gastrie and panereatie seere- 
tions. The gastrie seeretions eontain pepsinogen, hydroehlorie aeid, and mucus. The panereatie seeretions are rieh 
in panereatie enzymes that aid in earbohydrate digestion, triglyeeride digestion, protein digestion, and nucleic aeid 
digestion. Cranial nerves other than the vagus stimrilate the salivary glands to prodtiee saliva. 

® Gasirie Phase 

The gastrie phase begins as food enters the stomaeh. This triggers reflex pathways that stimulate ahotit 80% of all 
gastrie seeretions. The two types of sensory reeeptors in the stomaeh wall are: streteh reeeptors and ehemoreeep- 
tors. Upon entering the stomaeh, food stretehes the stomaeh wall and triggers streteh reeeptors to send a nerve 
imptilse along the vagus nerve to the medulla oblongata. The same response occurs when ehemoreeeptors deteet 
a ehange in the pH of the gastrie seeretions. 

After proteins in food enter the stomaeh, they btiffer some of the normal aeidity in the stomaeh. This leads to 
a more alkaline pH, which triggers the ehemoreeeptors to send out nerve imptilses. These imptilses are sent to the 
medulla oblongata, which responds by sending impulses baek down the vagus nerve to the stomaeh. This ftirther 
stimulates the gastrie seeretions of pepsinogen, hydroehlorie aeid, and mucus. It also stimulates the muscular 
eontraetions of peristalsis to move the ehyme through the stomaeh and eontintie peristalsis in the esophagtis. Fb 
nally, the hormone gastrin seereted during the gastrie phase ftirther stimrilates gastrie seeretions. 

© Intestinal Phase 

The intestinal phase begins when ehyme enters the duodenum after passing through the pylorie valve. Within the 
wall of the duodenum are the same two important sensory reeeptors as were found in the stomaeh: streteh reeep- 
tors and ehemoreeeptors. Aetivation of these reeeptors stiimilates reflex pathways through the medulla that ini- 
tially lead to more gastrie seeretion, gastrie motility, anei emptying of the stomaeh. This phase accounts for about 
10% of total gastrie seeretion and ensures that the digestion proeess is fully eompleted. Later, when the duodenum 
beeomes filled with fatty ehyme, the hormones seeretin and eholeeystokinin (CCK) are produced to inhibit gas^ 
trie seeretion and stomaeh emptying. This inhibitory response is needed to signal the end of the passage of a meal. 


Parasympathetie (P) Divisions 

The glands and organs of the digestive system are extensively innervated by both the sympathetie and the 
parasympathetie divisions of the ANS. Consequently, the eontrol of seeretions and motility is under unconscious 
eontrol by the nervous system. The parasympathetie division (P) eontrols stimulation of seeretions and motility 
throughout the digestive traet primarily throtigh aetion of the vagus nerve (eranial nerve X). The vagus nerve 
eonneets to all the major digestive system organs and structures except the salivary glands. It is a mixed nerve— 
meaning that it earries both sensory and motor information within it. 


Sympathetie (S) 

The sympathetie division (S) inhibits seeretion and motility in the digestive system. 
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DIGESTIVE SVSTEM—$tructure and Function 

Neural Regulatíon of Digestion 



The eephalie phase begins before any food enters 
the oral eavity. The sight, smell, thought, orfirst 
taste of food stimulates nerve impulses to inerease 
the production of saliva, gastrie seeretions, and 
panereatie seeretions. 
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Use a highlighter to traee the neural 
pathways. Color the different 
digestive organs different eolors. 


Vagus n. 
(eranial n. X) 



The gastrie phase begins 
as food enters the 
stomaeh. 

Smooth 
muscle eell 

Epithelial 
eell 


to medulla 
oblongata 


Sensory n. 



Sensory 

reeeptor 



The intestinal phase begins 
when ehyme enters the 
duodenum after passing 
through the pylorie sphineter. 
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DI6ESTIVE SYSTEM—Structure and Function 

Hormonal Regulation of Dígestíon 


General 

Deseription 


Regulatìon 
of Gastrie 
Seeretion 


Regulation 
of Panereas g 
and 

Gallbladder q 
Seeretions 


The hormonal regulation of digestion is eontrolled mainly by three major hormones: (1) gastrin, 
(2) seeretin, and (3) eholeseystokinin (CCK). The table below gives an overview of eaeh hormone: 


Hormone/Symbol 

Stimulus 

Site of Seeretion 

Major Aetions 

Gastrin 'V 

Expansíon of stomaeh wall 
by íngested materíals; 
protein and eaffeine in 
stomaeh; alkaline ehyme 

G eells within the 
mucosa of the 
stomaeh 

Stimulates seeretion of gastrie juice 
(HCI, mucus, and pepsinogen) 

Seeretin [^3 

Aeidie ehyme in the 
duodenum 

S eells within the 
mucosa of the 
duodenum 

Stimulates seeretion of panereatie juice 
rieh in biearbonate ions (HC0 3 “) to 
help neutralize aeid in ehyme 

Cholecystokinin 
(CCK) Q 

Trielyeerides, fatty aeids, 
and amino aeids in the 
duodenum 

CCK eells in the 

mucosa of the 
duodenum 

Simulates production of panereatie 
juice rieh in digestive enzymes such as 
lipase; stimulates muscle eontraetion 
in wall of gallbladder to expel stored 
bile; stimlates relaxation of muscle to 
open hepatopaneratie sphineter 




(T) A bolus moves through the lower esophageal sphineter of the esophagus and into the stomaeh. 

(2) Partially digested proteins and eaffeine from food stimulate G eells within the mucosal lining to 
produce gastrin and release it into the blood. 

Gastrin travels in the blood and spreads to all body organs. 

(4) Gastrin binds only to target eells that eontain a reeeptor for gastrin. Because the various seeretory 
eells in the epithelial mucosa eontain the gastrin reeeptor, gastrin binds to them and induces a 
response. 

The binding of gastrin to the gastrin reeeptor causes a ehemieal ehain reaetion within the eell, 
which leads to stimulation of the production of more gastrie juices (hydroehlorie aeid, mucus, 
and pepsinogen). 

(T) Aeidie ehyme stimrilates S eells in the duodenal mucosa to manufacture seeretin; fatty aeids and 
triglyeerides in ehyme stimulate CCK eells in the duodenal mucosa to produce CCK. 

(2) Seeretin and CCK both are released into the blood and travel to all body organs. 

Seeretin binds to seeretin reeeptors in panereatie eells. This stimulates the eells to make pan- 
ereatie juice rieh in biearbonate ions (HC0 3 ) to neutralize the aeid in the ehyme. CCK binds 
to CCK reeeptors in panereatie eells to stimiilate the production of panereatie juice that is rieh 
in enzymes such as lipase. 

CCK also targets the gallbladder. CCK binds to its reeeptors in the smooth muscle in the gallblad" 
der wall. This stimrdates smooth muscle eontraetion, which results in expelling bile from the 
gallbladder and eventually into the duodenum. 

CCK also targets the hepatopanereatie sphineter, but with a response opposite from the galh 
bladder. As CCK binds to its reeeptors in the smooth muscle eells of the sphineter, it triggers a 
different ehemieal ehain reaetion within the target eells. This causes the smooth miisele to 
relax, opening the sphineter and allowing both panereatie seeretions and bile to be released and 
bile into the duodenum. 



© 
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DIGESTIVE SVSTEM—$tructure and Function 

Hormonal Regulatíon of Digestion 


Three Major Hormones 
Regulate Digestion: 


Regulation of Gastrie Seeretion by Gastrin 'V 


Gastrin 
Seeretin \^i 

Cholecystokinin (CCK) O 


✓ 


Color eaeh hormone 
and its matehing 
reeeptor the 
same eolor. 


Site of Hormonal 
Seeretion 


Gastrin 






N 

'N 


\ 

\ 

■\ 

$ 

\ 


duodenum 


N 




Seeretin 
Q CCK 


C? 


I)OOQQO Q 

Blood 


Mucosal 

layer Muscularis 

layer 



Synthesize and 
release gastrin. 


Regulation of Panereatie and Gallbladder Seeretions by Seeretin and CCK Q 



SECRETE! 


Smooth m. 
eell 
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DIGESTIVE SVSTEM—Oral Cavity 


Oral Oavity 


Deseription 


The innermost lining of the buccal eavity (oral eavity) is ealled the mucosa. It is eomposed of 
stratified squamous epithelium (non'keratinized), which eoats the roof and floor of the mouth, lines 
the inside of the eheeks, and forms a ridge of tissue below the teeth ealled the gums or gingivae. The 
mucosa curves anteriorly to form the upper and lower lips, or labia. Two separate, flattened plates of 
mucosa, eaeh ealled a frenulum, anehor the upper and lower lips to the midline of the gingivae. 
Another similar structure ealled the lingual frenulum anehors the tongue to the floor of the oral 
eavity. The thiek tongue eovers the floor of the mouth and eontains several different groups of mnseles. 

The hard palate is the most anterior portion of the roof of the oral eavity. It is eomposed of the 
palatine proeess of the maxilla and the palatine bone and functions to separate the oral eavity from 
the nasal eavity. Behind it lies a fleshy plate ealled the soft palate, which eontains no bone within it. 
It separates the oral eavity from the nasopharynx and eovers the nasopharynx during swallowing to 
prevent food from entering it. 

Dangling from the middle of the baek of the soft palate is a small, flap-like structure ealled the 
uvula. It holds food in the oral eavity and prevents it from entering the oropharynx too soon. Two 
sets of arehes are found at the baek of the oral eavity. From the front to the baek, the first set is ealled 
the palatoglossal arehes. These curve to eonneet the soft palate with the base of the tongue. The 
seeond set is ealled the palatopharyngeal arehes. These curve to eonneet the soft palate to the sides 
of the pharynx. Between these arehes, on either side of the mouth, are two masses of lymphatie tissue 
ealled the palatine tonsils. 



Key to lllustration 


1. Frenulum of lower lip 

5. Hard palate 

9. Tongue 

2. Palatine tonsil 

6. Frenulum of upper lip 

10. Gingivae 

3. Uvula 

7. Palatoglossal areh 


4. Soft palate 

8. Palatopharyngeal areh 
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Nasopharynx 
Palatine tonsil 


Oropharynx 

Epiglottis 

Laryngopharynx 


Llpper lip 



Food 


Lower lip 


Mandible 
Voeal folds 


Traehea 


Esophagus 


Note: The 

eolored seetion 
and the arrovvs 
shovv the pathvvay 
of food into the 
oral eavity and 
down through 
the esophagus 
as it moves 
toward the 
stomaeh. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 














































DIGESTIVE SVSTEM—Oral Cavity 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

Tooth Anatomy and Tooth Types 


Deseription 


There are four different types of teeth—ineisors, cuspids (eanines), bicuspids ( premolars ), and molars. 
ineisors are for cutting, cuspids are for tearing, and bicuspids and molars are for emshing and grinding 
food. The adult jaws ean aeeommodate a total of 32 permanent teeth. 


Tooth Type 

Upper Jaw 

Lower Jaw 

Total 

ineisor 

4 

4 

8 

Cuspid 

2 

2 

4 

Bicuspid 

4 

4 

8 

Molar 

6 

6 

12 

Total 

32 


Eaeh tooth is divided into three regions: crown, neek, and root. The crown is visible above the 
grimline and is eovered with a ealeified eoating of enamel —the hardest sribstanee produced in the 
body. Deep to this eovering is a bone"like substance ealled dentin, which makes up the majority of 
the tooth. At the eenter of the tooth is a ehamber ealled the pulp eavity, which eontains spongy 
tissue, blood vessels, and nerves. A bony substance ealled eementiim eovers the dentin in the root of 
the tooth. The periodontal ligaments anehor the root of the tooth to the bone in the jaw. At the tip 
of eaeh root is an opening ealled the apieal foramen that allows the dental artery, dental vein, and 
dental nerve, to penetrate through the narrow root eanal and up into the pulp eavity. 





Key to llliistration 


1 . 

ineisors 

10 . 

1 st Molar 

19. Gingiva 

2. 

Cuspids (eanines) 

11. 

2nd Molar 

20. Periodontal ligaments 

3. 

Bicuspids (premolars) 

12. 

3rd Molar (vvisdom tooth) 

21. Cementum 

4. 

Molars 

13. 

Crown 

22. Bone 

5. 

Central ineisors 

14. 

Neek 

23. Root eanal 

6. 

Lateral ineisor 

15. 

Root 

24. Apieal foramen 

7. 

Cuspid (eanine) 

16. 

Enamel 

25. Dental artery 

8. 

1 st Premolar 

17. 

Dentin 

26. Dental nerve 

9. 

2nd Premolar 

18. 

Pulp eavity 

27. Dental vein 
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DIGESTIVE SYSTEM—Oral Cavity 


Tooth Anatomy and Tooth Types 


1 


(llpper jaw) 


(Lower jaw) 



Tooth types 
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DIGESTIVE SYSTEM—Oral Cavity 

Digestion in the Mouth 


Deseription 


Digestion in the mouth deals with producing saliva from salivary glands, chewing, and swallowing. Eaeh of these 
proeesses is stimmarized here. 

Salivary Glands 

The body eontains three pairs of salivary glands: parotid, submandibular, and sublingual. Of these three, the 
parotid is the largest. The submandibular gland prodtiees the most saliva, and the stihlingtial gland prodtiees the 
least. Salivary glands are elassified as exocrine glands partly beeatise they all have dtiets that eonneet them to the 
oral eavity. 

At the mieroseopie level, salivary glands eontain two types of seeretory eells: mucous eells and serous eells. 
The mucous eells seerete a protein ealled mtiein, which forms mucus. The serotis eells release a watery seeretion 
eontaining eleetrolytes and salivary amylase. These eolleetive seeretions form saliva and release it into the oral 
eavity. Beeatise seeretion of saliva is eontrolled by the autonomic nervous system, salivary glands are innervated by 
the parasympathetie and the sympathetie divisions. 

Saliva 

Saliva is a mildly aeidie (pH 6.4-6.8), watery seeretion that has mtiltiple ftmetions. It eontains mostly water 
(95%), as well as some important dissolved solutes (0.5%) including eleetrolytes stieh as soditim (Na + ), potassium 
(K + ), ehloride (CD), and others. Mucus is produced to hibrieate the boltis to make swallowing easier. Lysozyme is 
an antibaeterial agent that inhibits the growth of baeteria normally found in the oral eavity. Antibodies stieh as 
immtmoglohtilin A also eontrol baeterial growth. The enzyme salivary amylase eatalyzes the breakdown of eom- 
plex earbohydrates into disaeeharides. Like water spraying on ears in a carwash, saliva eleans oral eavity structures 
such as the teeth hy eonstantly washing over them. Last, saliva serves as a fltiid medium in which food moleetiles 
ean dissolve to allow for ehemieal deteetion by taste btids. Without saliva, it is diffietilt to taste anything! 

Chewing 

Chewing (mastieation) is the physieal breakdown of food and the mixing of food with saliva. This is aeeomplished 
with the help of the teeth and the tongtie. The four different types of teeth are: ineisors, etispids (eanines), bietis- 
pids (premolars), and molars. Eaeh type is best stiited for a speeifie task. ineisors have a flat, ehiseled edge for etit- 
ting food like biting into an apple. Cuspids have a pointed edge for puncturing, tearing, and shredding food. 
Bicuspids and molars have larger, flattened stirfaees, best for grinding and ertishing food. The tongtie moves during 
chewing to mix the pulverized food with saliva to form a pasty, eompressed mass ealled a bolus. This mixing 
prepares the bolus for swallowing. 


Swallowing 

Swallowing ( deglutition ) is a complex proeess that requires many different mtiseles to move ingested substances 
from the oral eavity to the stomaeh. It typieally is divided into three stages: oral, pharyngeal, and esophageal. Note 
that the same proeess applies to ingested liquids and solids. The stages in the proeess are: 



Oral (or buccal) phase —is a voltmtary phase that begins when substances are ingested. The tongue mixes 
these materials with saliva to form a moistened mass ealled a bolus. This bolus is eompressed against the hard 
and soft palates in the roof of the mouth by upward movements of the tongue. Then the tongue push.es the 
bolus toward the oropharynx, which marks the end of the oral phase. 



Pharyngeal phase —an invohmtary proeess. It begins as the bolus pushes against the oropharynx, where it stim- 
ulates taetile reeeptors to send signals to the swallowing eontrol eenter in the medulla oblongata. Three key 
events occur: (a) the soft palate and uvula move upward to prevent the bolus from entering the nasal eavity; 
(b) the bolus moves into the oropharynx; and (e) imiseles raise the larynx forward and upward so the epiglot- 
tis eloses over the glottis to prevent the bohis from entering the larynx or traehea. The pharyngeal phase ends 
after pharyngeal muscles eonstriet and foree the bolus out of the pharynx and into the esophagus. 



Esophageal phase —invohmtary like the pharyngeal phase. The esophagiis is a 
long, muscular tube that eonneets the pharynx to the stomaeh. This phase be- 
gins as the upper esophageal sphineter relaxes to allow the bohis to enter the 
esophagiis. The rigid epiglottis springs baek to its normal, upright position. 
Then the upper esophageal sphineter eontraets to propel the bohis deeper into 
the esophagus. The muscular eontraetions of peristalsis (see p. 384) quickly 
move the bohis into the stomaeh. This entire phase takes less than 8 seeonds! 


A N 

DISeOVER for YOURSELF: 

Plaee your fingertips on 
the front of your larynx as 
you swallow. You ean 
feel the larynx move 
forward and upward. 

v_ J 
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DIGESTIVE SVSTEM—Oral Cauity 


Digestion in the Mouth 


SALIVARY GLANDS 



SALIVA 


Oral eavity 
Epiglottis 


Nasal eavity 

Tongue 


Mandible 


Root 



SALIVARY 

GLANDS 

Parotid 

Submandibular 

Sublingual 


Esophagus 



Color the three pairs of salivary 
glands the same eolor. 



ineisors 


Cuspids 

(Canines) 



Cutting 


Tearing and 
Shredding 


Bicuspids 
and 
Molars 



Grinding 

and 

Crushing 


Mucus 


salivary duct 


Salivary 

Gland 



Serous 

eell 


Fluid with 
eleetrolytes 
and amylase 



Lubrication 


eieanses Oral 
Oavity Structures. 

Llses AMYLASE to 
eatalyze digestion 
of earbohydrates. 



eomposition 
of Saliva 



n* 

oooooo 

^ amylase 

oo 


Uses LYSOZYME and 
ANTIBODIES to inhibit 
baeterial growth. 


Dissolves FOOD 
MOLECULES to 
allow for taste. 



99 . 5 % 


0 . 5 % SOLLITES 

• Eleetrolytes 
(Na + , K + , Cl", ete.) 

• Lysozyme 

• Mucus 

• Salivary 
amylase 

• lmmuno- 
globulin A 


food 





Color the bolus, larynx, uvula, and epiglottis different eolors 


Hard 

palate 


Soft 

palate 



Uvula 


Oropharynx 


Epiglottis 


Larynx 


(T) Oral ( buccal) phase 



Bolus 


Upper 

esophageal 

sphineter 


(2) Pharyngeal phase 


Epiglottis 

Upper 
esophageal 
sphineter 



Upper 
esophageal 
sphineter 
(relaxed) 


Bolus 


(3) Esophageal phase 


(to stomaeh) 
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DIGESTIVE SYSTEM—Stomaeh 

Structure and Functíon 


Deseription 


Study Tip 


Gastrie 

Motility 


Gastrie 

Emptying 


The stomaeh eonneets the esophagtis to the duodenum. It is a speeialized, muscular sae eontaining an aeidie 
mixture of gastrie seeretions. Unlike the two layers of smooth muscle in the wall of most of the digestive traet, 
the stomaeh wall has three layers. Two valves ealled sphineters separate it from the rest of the digestive traet. 
One is loeated at the distal end of the esophagus and is ealled the lower esophageal sphineter (LES) or eardiae 
sphineter. The other is loeated between the end of the stomaeh and the beginning of the duodenum and is 
ealled the pylorie sphineter. 

The innermost lining of the stomaeh—the miieosa —is eoated with a proteetive alkaline mucus. Folds of 
mucosa ealled rugae allow the stomaeh to maximize its internal surface area and thereby maximize the amount 
of gastrie juice. This aeidie mixture (pH 2-3) eontains mucus, hydroehlorie aeid (HC1) and enzymes. The low 
pH helps destroy the mierobes present in food. 

When gastrie juice eombines with food, it forms a mixture ealled ehyme. The only aetive enzyme present 
in these seeretions is pepsin. It initiates protein digestion hy helping to hreak down proteins into large poly- 
peptides. 

Four different types of eells are used to produce seeretions for the ehemieal digestion of food: mucous eells, 
ehief eells, parietal eells, and G eells. The function of eaeh eell is summarized helow: 


Mucosal Cell 

Function 

1. Mucous eells 

seerete an alkaline mucus to proteet the stomaeh lining from aeidie gastrie juice 

2. Chiefcells 

seerete the inaetive enzyme pepsinogen 

3. Parietal eells 

seerete hydroehlorie aeid (HCI), which helps eonvert pepsinogen into the aetive enzyme 
pepsin and kills mierobes in food; seerete intrinsie faetor, which helps with absorption of 
vitamin B 12 

4. G eells 

produce and seerete the hormone gastrin, which inereases seeretion from parietal and 
ehief eells; it also induces smooth muscle eontraetion in the stomaeh wall for peristalsis. 


Use the following mnemonies to reeall the mucosal eell types and the substances they produce: 


CELLTYPE 


SUBSTANCE PRODUCED 


Mucous eells 
Chief eells 
Parietal eells 

G eells 




Men 

Can 

Pass 

Gas 




Men 

Pass 

Hot 

Gas 




Mucus 
Pepsinogen 
Hydroehlorie aeid 
Gastrin 


Gastrie motility is stiimilated hy the nervous system and by hormones such as gastrin. Waves of peristalsis move 
through the stomaeh regtilarly. 



They begin as gentle muscular eontraetions near the lower esophageal sphineter (LES) and continue 
down the stomaeh toward the pylorie sphineter. 

As the eontraetile waves near the distal end of the stomaeh, they beeome mtieh stronger and more foree^ 
ful. This results in thorotighly mixed ehyme before it passes through the pylorie sphineter. 

As the peristaltie wave passes through the partly opened pylorie sphineter, it eatises the ehyme to move 
through it in a baek-andTorth fashion. This serves to hreak up the larger materials left in the ehyme. 


Gastrie emptying refers to the movement of ehyme out of the stomaeh and into the duodenum. 




Various stimtili, stieh as eaffeine, aleohol, partially digested proteins, and distension of the stomaeh wall, 
all trigger the proeess of gastrie emptying to begin. 

These stimtili cause two things to oeetir: (a) an inerease in parasympathetie impulses sent along the vagtis 
nerve to the stomaeh, and (b) an inerease in seeretion of gastrin from the stomaeh. 

Gastrin and vagus nerve impulses have the eombined effeets of elosing the LES, opening the pylorie 
valve, and inereasing gastrie motility. 

The final restilt is emptying of the ehyme in the stomaeh into the duodenum. 
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DIGESTIVE SYSTEM—Stomaeh 


Structure and Function 


Branehes 
of blood 
vessels 



Bolus moving 
down the 
esophagus 


Gastrie juice 
(eontains pepsin, 
HCI, and mucus) 

/ ^ í 


Mnemonie 





Oblique muscle layer 

Circular muscle layer_{ 
Longitudinal muscle layer—{ 

Serosa 


>0 



Gastrie / 
pit 


/ 



Mucous 

eells 


Gastrie 
gland/ 




Muscularis{{ 

mucosa 



Color the 
different 


Mucus 


seeretory eells 
different eolors. 



Pepsinogen 


Parietal 

eells 



HCI aeid 


G eells 



Gastrin 




to 

stomaeh 


Blood 



+ HCI 


PEPSINOGEN 
(inaetive enzyme) 


£H=K>0±0 

PEPSIN 

(aetive enzyme) 


GASTRIC MOTILITY 


Pylorie 
sphineter 



Muscularis 

layer 




Color the 
white arrows 
indieating 
peristaltie 
waves. 



^5) Responses 


^3) More Responses 


Stimuli 




Gastrin 


Aleohol 


Food 

(causes stretehing 
of stomaeh wall) 

OOOOán 

Protein 
(partially digested) 


v—^ 




Blood 

(inerease in gastrin seeretion) 

-► - ► - ► 

Vagus nerve S 

(inerease in impulses on vagus n.) 



Open 

pylorie 

valve 


Pylorie valv^/oPENS 4- 



( 4 ) Gastrie emptying 
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DIGESTIVE SYSTEM—Small Intestine 

Inereasing Surface Area 


Deseription 



The small intestine is a hollow, muscular tube approximately 20 feet in length that links the stomaeh 
to the large intestine. It is stibdivided into three parts —duodenum (10 in.), jejunum (8 ft.), and 
ileum (12 ft.). The jejunum and ileum are loosely held in plaee by a highly vaserdar serous membrane 
ealled mesentery, which anehors the small intestine to the posterior wall of the abdominal eavity. 
From outermost to innermost, the layers in the wall of the small intestine are the serosa, muscularis 
externa, submucosa, and mucosa. 

Folds are used to inerease surface area anywhere in the body. Within the small intestine, there 
are three signifieant folded structures: plieae circulares, villi, and mierovilli. All of these are 
mieroseopie except the pliea circulares. These folds inerease the total stirfaee area to faeilitate the 
absorption of mitrients. The villi are fingenlike projeetions that extend from the pliea and are 
surrounded by a layer of simple columnar epithelium. Goblet eells seattered within this tissue seerete 
mucus. 

Eaeh simple eoliimnar epithelial eell has folds in its plasma membrane ealled mierovilli. Nutrients 
must pass through the mierovilli, then through the eell, in order to enter the villris. Within the villus 
is a blood eapillary and a speeialized lymphatie eapillary ealled a laeteal. Depending on the type of 
nutrient, onee inside the vilhis, it will enter either the blood eapillary or the laeteal to eomplete its 
absorption. 

The folds on the inside of the small intestine are like a folded earpet sample. The fold is the pliea 
circulares. The earpet fibers stieking out from this sample are the villi. 


loeation 


Abdominal eavity; surrounded by the large intestine; below the stomaeh 


F II íl Ct Ì 011 Absorption of nutrients 

water, vitamins, minerals 

amino aeids ( from the digestion ofproteins) 

fatty aeids, glyeerol ( from the digestion oflipids) 

monosaeeharides ( from the digestion ofcomplex earbohydrates) 

mieleotides ( from the digestion ofnneleie aeids such as DNA) 



Key to llliistration 


Wall of Small Intestine 

4. Submucosa 

9. Simple columnar epithelial 

1. Serosa 

5. Mucosa 

eell 

2. Muscularis externa 

Villus Structures 

10. Goblet eell 

(longitudinal layer) 

6. Arteriole 

11. Venule 

3. Muscularis externa 

7. Blood eapillary 

12. Plasma (eell) membrane 

(circular layer) 

8. Laeteal 

13. Nucleus of one eell 
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DIGESTIVE SYSTEM—Small Intestine 


Inereasing Surface Area 


Duodenum 



lleum 


Layers of the wall 
of the small intestine 


Imagine a folded earpet sample. 
The fold itself is like the large fold 
or pliea circularis in the 
small intestine while eaeh 
individual earpet fiber is 
like one villus. 


Folded 

earpet sample 
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DIGESTIVE SVSTEM—Small Intestine 


Movement Through the Small Intestine 


Deseription 


The small intestine is a 20Toot4ong muscular tube that eonneets the stomaeh to the large intestine. 
It is the major site of ehemieal digestion and nutrient absorption. The wall of this organ eontains a 
muscularis layer of smooth muscle that is subdivided into two thin layers: an inner eirerdar layer and 
an outer longitudinal layer. When eontraeted, the circular layer pinehes the small intestine, and the 
longitudinal layer shortens it. All the materials from the stomaeh must move through this tube by 
different types of eoordinated muscle eontraetions. 

The small intestine uses the proeesses of peristalsis and segmentation to move undigested materials 
along its length. These proeesses are not unique to the small intestine; they occur in other parts of 
the digestive traet as well. The sites of aetion for these muscular movements are srimmarized below: 


Type of Muscular Movement 

— 

Site of aetion 

1. Peristalsis 

Esophagus, stomaeh, small intestine, and large intestine 

2. Segmentation 

Small intestine and large intestine 


Peristalsis 


Analogy 


Peristalsis is a rhythmie wave of smooth muscle eontraetion that results in the propulsion of materials 
through the digestive traet. More speeifieally, it is the alternating, eoordinated stimrdation of both 
the eirerdar and the longitudinal layers of smooth muscle in the muscrdaris layer. 

The following is the series of events ilhistrated on the faeing page: 

(7) The eirerdar layer of smooth muscle eontraets behind the mass of materials in the small intestine. 
The resrdt is that the small intestine is pinehed tighter, like rings beeoming smaller in size. 

(2) A seetion of the longitudinal layer in front of the pinehed region eontraets, which shortens part 
of the small intestine. 

(3) This eoordinated proeess of “pinehing” and “shortening” continues to alternate at regular intervals 
along the length of the wall of the small intestine. Viewed in real time, it would look like a 
gradual, smooth undrdating wave of muscle eontraetion. 

The aetion of peristalsis is like squeezing a tube of toothpaste so the toothpaste moves through the tLibe. 


Segmentation 


Analogy 


Segmentation is the pinehing of the intestine into eompartments and subsequent mixing of undigested 
materials with intestinal seeretions. This ensures that the proeesses of ehemieal digestion and absorp- 
tion are both eompleted. The eirerdar layer of the muscularis is more aetive than the longitudinal 
layer. No net movement of materials resrdts in this proeess as it did in peristalsis. 

The following is the series of events ilhistrated on the faeing page: 


0 The circular layer pinehes off the small intestine into simdansized eompartments or “segments.” 

It further pinehes to even smaller eompartments as the undigested materials are moved baek 
and forth by muscle eontraetions like an agitator in a washing maehine. 




The rmdigested materials are mixed thoroughly with intestinal seeretions. 


The aetion of segmentation is like the movement of a hand mixer eombining all the ingredients in 
eake batter. 
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DIGESTIVE SYSTEM—Small Intestine 


Movement Through the Small Intestine 
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The purpose of peristalsis is to propel 
undigested materials through the digestive 
traet like squeezing a tube of toothpaste 
moves toothpaste through the tube. 
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The purpose of segmentation 
is to mix undigested materials 
with enzymes and other 
seeretions like a hand mixer 
eombining all the ingredients 
in eake batter. 











































































































































DIGESTIVE SVSTEM—Small Intestine 

Absorption ín the Small Intestine 


Deseription 


Absorption is the movement of small, digested substances from the digestive traet into either the blood or the 
lymph. Almost all ahsorption in the digestive system oeetirs in the small intestine. Folds are used in organs and 
stmetiires throughout the body to inerease stirfaee area for different ptirposes. The small intestine uses its many 
folds to maximize stirfaee area for absorption of nutrients. 

The three signifieant folded structures in the small intestine are the plieae circulares, villi, and mierovilli. 
The plieae eiretilares are folds of the inner mtieosal layer of the small intestine. Extending out from the pliea are 
numerous fingenlike projeetions ealled villi (sing. villns). Eaeh villtis is eovered by a layer of simple columnar 
epithelium. The goblet eells seattered within this tissue seerete mucus. Eaeh simple columnar epithelial eell has 
folds in its plasma membrane, ealled mierovilli. 

Eaeh eell also has two stirfaees throtigh which ntitrients must pass: apieal and basal. Nutrients first pass 
through the apieal surface that eontains the mierovilli, then move through the eytosol, then eross the basal surface 
that lines the inside of the villi. In stimmary: nutrients follow this absorption pathway: 


Lumen —► Epithelial eell: Apieal surface 

(small intestine) 


Cytosol 


Basal surface 


Blood or Lymph 


Proeess 


The purpose of ehemieal digestion is to break down maeromoleetiles into their simplest building bloeks. These 
building bloeks include: monosaeeharides from complex earbohydrates, amino aeids, dipeptides, and tripeptides from 
proteins, and monoglyeerides and fatty aeids from triglyeerides (lipids). These final products of digestion are small 
enough to be absorbed into the blood or the lymph and then pass direetly into body eells where they ean be used. 

Some ingested stibstanees that are already in their simplest form—such as the fmetose in fruit juices—are 
partly absorbed through the wall of the stomaeh before they even reaeh the small intestine. 

About 90% of all absorption occurs in the small intestine for the following reasons: (1) villi and other structures 
make it anatomieally speeialized for the proeess, (2) the final products of maeromoleetile eatabolism are not even 
formed until they reaeh this site, and (3) the 20 + footdong tube maximizes the time for absorption to take plaee. 


Monosaeeharides O 

Complex earbohydrates must be broken down into monosaeeharides before they ean be absorbed. The three types 
of monosaeeharides are: gltieose, galaetose, and fmetose. Fmetose, fotmd in frnit and fmit juices, is transported 
aeross both the apieal and basolateral surfaces by faeilitated diffusion. Glucose and galaetose are transported by a 
different method—seeondary aetive transport with sodium (Na + ). The soditim ion gradient is the driving foree 
that helps move these two sugars aeross the apieal stirfaee and into the eell. Onee inside the epithelial eell, both 
gltieose and galaetose eross the basolateral surface by faeilitated difftision. Fmetose, glucose, and galaetose all are 
absorbed direetly into the blood eapillary. 

Amino aeids O Dipeptides O-A Tripeptides O-ArC0 

Most amino aeids use aetive transport to eross the apieal stirfaee. Onee inside the epithelial eell, the amino aeids 
are aetively transported again aeross the basolateral surface and then absorbed direetly into the blood eapillary. 


Monoglyeerides 


Fatty aeids ^ 

Triglyeerides are the most eommon type of lipids, so they will be eonsidered here. When triglyeerides are digested, 
two of their three fatty aeid ehains are broken off from their glyeerol baekbone, restilting in the formation of 
monoglyeerides and fatty aeids. In the ehemieal mle of “like goes into like,” so these products of triglyeeride di- 
gestion easily diffuse throiigh the plasma membrane of the apieal stirfaee heeatise they are ehemieally similar to the 
phospholipids in the plasma membrane. Some of the fatty aeid ehains are short-ehain fatty aeids, while others are 
long^ehain fatty aeids. The short-ehain fatty aeids difftise direetly aeross both the apieal and basolateral surfaces 
and are absorbed direetly into the blood eapillary. 

The pathway for monoglyeerides and long-ehain fatty aeids is a bit more complex. After diffusing throiigh 
the apieal surface, the monoglyeerides are digested fiirther into glyeerol and a single fatty aeid ehain. The glyeerol 
then is reassemhled baek into triglyeerides by linking with free fatty aeid ehains. The newly formed triglyeerides 
are paekaged in a protein eoat to form a structure ealled a ehylomieron. Chylomicrons leave the eell by exocytosis 
(see p. 54). They are too large to enter the blood eapillary, so they enter the more permeable laeteal instead. As 
they travel in the lymph of the laeteal, they eventually are deposited into the hlood via the left subclavian vein. 
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DIGESTIVE SYSTEM—Small Intestine 

Absorptíon in the Small Intestine 
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DIGESTIVE SYSTEM—Panereas 

Vísualízing the General Structure 


Deseription 



Loeation 


The panereas is an elongated, pinkish-eolored gland 5-6 inehes in length. It is divided into three 
main seetions— head, body, and tail. The head is the widest portion; the body is the eentral region; 
and the tail marks the blunt, tapering end of the gland. The surface is bumpy and nodular. The 
individual nodes are ealled lobules. Seattered within the gland are many glandular epithelial eells. 
Also inside is a long tube ealled the panereatie duct, which runs through the middle of the gland and 
terminates in an opening to the duodenum. Smooth muscle surrounds this opening to form a valve 
ealled the hepatopanereatie sphineter. 

The panereas has a dual function as both an endoerine gland and an exocrine gland. As an 
exocrine gland, the vast majority of the epithelial eells (99%) form clusters ealled aeini. The eells in 
the aeini produce watery seeretions and many different digestive enzymes to aid in the proeess of 
ehemieal digestion. These are released into the panereatie duct and then into the duodenum. As 
an endoerine gland, the remaining 1% of its eells are arranged in separate eell clusters ealled 
panereatie islets ( islets of Langerhans) . These various eells produce four different hormones that diffuse 
direetly into the bloodstream, travel to various target organs, and induce responses in those organs in 
order to regulate a variety of different proeesses in the body. 

The general gross anatomy of the panereas is like a tadpole with a head, body, and tail in one 
elongated shape. The surface of the panereas has a nodular appearanee like that of alligator skin. 
However, its texture is not as eoarse. 

Abdominal eavity; the head of the panereas is found near the duodenum and its tail is below and 
behind the stomaeh 


Function 


For the digestive system —Cells produce a wide variety of enzymes in the following eategories: 
earbohydrases (digest earbohydrates) , lipases (digest lipids), mieleases (digest nneleie aeids such as 
DNA) , and proteases (digest proteins) 

For the endoerine system —Produces the following hormones: insulin, glucagon, somatostatin, 
and panereatie polypeptide (PP) 


1. Common bile duct 

2. Duodenal papilla 

3. Duodenum 

4. Droplet of either bile 
or panereatie juice 


Key to llliistration 

5. Hepatopanereatie sphineter 

6. Smooth muscle in wall 
of duodenum 


7. Panereatie duct 

8. Body of panereas 

9. Lobules 
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DIGESTIVE SYSTEM—Panereas 


Visualízing the General Structure 
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The lobules of 
the panereas give 
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of alligator skin 
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softer texture!). 
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DIGESTIVE SVSTEM—Panereas 


Role of the Panereas in Digestion 


Deseription 


The panereas is vital to ehemieal digestion because it produces so many digestive enzymes. It is an 
elongated, pinkish'eolored gland divided into three main seetions: head, body, and tail . The head is 
the widest portion; the body is the eentral region; and the tail marks the blunt, tapering end of the 
gland. The siirfaee is bumpy and nodrdar. The individual nodes are ealled lobules. 

Seattered within the gland are many glandular epithelial eells. Also inside is a long tube ealled 
the panereatie duct, which runs through the middle of the gland and terminates in an opening to the 
duodenum. Smooth muscle surrounds this opening to form a valve ealled the hepatopanereatie 
sphineter (sphineter ofOddi). 

The panereas has a dual function as both an endoerine and an exocrine gland. As an exocrine 
gland, the vast majority of the epithelial eells (99%) form ehisters ealled aeini. The eells in the aeini 
produce watery seeretions including biearbonate ions and many different digestive enzymes to aid in 
ehemieal digestion. These are released into the panereatie duct, through the hepatopanereatie 
sphineter, and into the duodenum. 

As an endoerine gland, the remaining 1% of eells are arranged in separate eell ekisters ealled 
ealled panereatie islets (islets of Langerhans). These various eells produce four different hormones: 
insulin, glucagon, somatostatin, and panereatie polypeptide (PP). These hormones diffuse direetly into the 
bloodstream, travel to various target organs, and induce responses in those organs to regiilate a variety 
of different proeesses in the body. 


Fiinetion 


Panereatie aeini produce many different enzymes for ehemieal digestion. These ineliide amylase (for 
complex earbohydrates), lipase (for lipids), and proteases (for proteins). In addition, the panereas 
produces nucleases (for digesting nucleic aeids such as DNA). 

Let’s examine the role of eaeh of the first three enzyme types mentioned. 

1. Amylase eatalyzes the initial step in earbohydrate digestion, which is the eonversion of a 
polysaeeharide (ex: stareh) into disaeeharides. 

2. Proteases: The three different proteases—trypsin, ehymotrypsin, and carboxypeptidase—all 
are used to speed up the middle step in protein digestion: eonversion of large polypeptides 
into small polypeptides. 

3. Lipase eatalyzes the breakdown of lipids such as triglyeerides into monoglyeerides and fatty 
aeids. 

As ehyme passes from the stomaeh into the duodenum, it stimulates the panereas to make and 
release digestive enzymes. This proeess is regulated by hormones seeretion and eholeeystokinin 
(CCK) (see p. 370). The hepatopanereatie sphineter normally is elosed, but the hormone CCK 
causes it to open, which allows the release of panereatie seeretions into the duodenum. These seere- 
tions then mix with the ehyme so the enzymes ean do their jobs. As the hepatopanereatie sphineter 
opens, it also allows for the release of bile from the eommon bile duct. Bile mediates the first step in 
lipid digestion. It is needed to emiilsify the lipids in the ehyme so the lipases ean work. 
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DIGESTIVE SYSTEM—Panereas 

Role of the Panereas in Dígestion 
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DIGESTIVE SVSTEM—Lii/er 

Structure and Functíon 


Deseription 


Functions 



The liver is the largest abdominal organ and is loeated below the diaphragm in the abdominal eavity. 
It is divided into two major lobes—left and right—that are separated by a sheet of eonneetive tissue 
ealled the faleiform ligament. Along the bottom edge of the faleiform ligament is a fibroris, eable-'like 
stmetrire ealled the roimd ligament (ligamentnm teres ), which is derived from the fetal umbilical vein. 
The liver is anehored to the diaphragm by the eoronary ligament. The liver also has two minor 
lobes—caudate and quadrate—which are visible in the posterior view. 

Mieroseopieally, eaeh lobe of the liver is eomposed of more than 100,000 individual hexagon- 
shaped units ealled hepatie lobules. These structures are the fimdamental functional units of the 
liver. At eaeh eorner of a lobule is a cluster of three vessels ealled a hepatie triad, which eonsists of a 
hepatie artery, a braneh of the hepatie portal vein, and a bile duct. At the eenter of eaeh lobule is a 
long vessel ealled the eentral vein. 

Radiating out from the eentral vein like spokes from a wheel are the permeable, blood"filled 
eapillaries ealled sinusoids. Fixed to the inner lining of the sinusoids are phagoeytie eells ealled 
Kupffer J s eells, which remove most of the baeteria from the blood and digest damaged red blood 
eells. The hepatie artery and hepatie portal vein deliver blood into the sinusoids and it travels toward 
the eentral vein, then into the hepatie veins, and into the inferior vena eava. Most hepatoeytes (liver 
eells ) are loeated elose to the blood in the sinusoids, which makes it easier to deposit products into 
the blood or sereen materials out of it. 

Bile is produced by hepatoeytes and drains into vessels ealled bile canaliculi, then into the larger 
bile ducts, which transport the bile away from the liver and into the gallbladder for storage. Note 
that the direetion of bile flow in the bile canaliculi is opposite to that of the blood in the sinusoids. 


The liver has more than 200 different functions. Major functions of the liver are: 


Synthesis 

Storage 

Metabolie 


ex: plasma proteins, elotting faetors, bile, eholesterol 
ex: iron (Fe), glyeogen, blood, fat-soluble vitamins 


ex: eonvert glucose to glyeogen and glyeogen to gliieose eonvert earbohy 
drates to lipids, maintain normal blood glrieose levels 

Detoxification ex: aleohol and other drugs 


In eross-seetion, eaeh hepatie lobule is like a simple Ferris wheel with six swinging ehairs. Eaeh 
swinging ehair is a hepatie triad. The hub of the Ferris wheel is the eentral vein, and the spokes of 
the Ferris wheel are like the sinusoids. 




Key to 1 llustration 


Liver Lobes (L) 

Lobule Structures 

Other 

L1 

Left major 

CV 

Central vein 

GB Gallbladder 

L2 

Right major 

HT 

Hepatie triad 




BC 

Bile canaliculus 


Ligaments (L) 

BD 

Bile duct 


RL 

Round ligament 

HA 

Braneh of hepatie artery 



(Ligamentum teres) 

HPV 

Braneh of hepatie portal vein 


FL 

Faleiform ligament 

S 

Sinusoid 


CL 

Ooronary ligament 

H 

Hepatoeyte 




K 

Kupffer’s eell 



390 











DIGESTIVE SVSTEM—Lii/er 

Structure and Function 
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DIGESTIVE SVSTEM—Gallbladder and Bile 

Bile Production, Storage, and Release 


Deseription 


Bile is produced by the hepatoeytes (liver eells ), stored in the gallbladder, and released into the 
duodenum. It is eomposed mostly of water, some ions, bilimbin (protein pigment), and various lipids. 
After being produced, it drains away from the hepatie lobule and enters a mieroseopie bile duct, 
which drains into a larger hepatie duct. The left hepatie duct drains bile from the left lobe of the 
liver, and the right hepatie duct drains bile from the right lobe of the liver. The two hepatie ducts 
then fuse to form a eommon hepatie duct. 

Bile flows down the eommon hepatie duct and into the eommon bile duct, which terminates in 
an opening leading to the duodenum. Around this opening is a thiekened band of smooth muscle ealled 
the hepatopanereatie sphineter. Normally the smooth muscle around this sphineter is eontraeted, 
causing it to be elosed. 

Bile is stored in the gallbladder, which is loeated under the right lobe of the liver. To fill the galb 
bladder with bile, the hepatopanereatie sphineter must remain elosed. As bile drains from the liver, it 
baeks up into the eommon bile duct and enters the eystie duct, which leads to the gallbladder. 

Emptying of the gallbladder is regulated by a hormone ealled eholeeystokinin, or CCK. As lipid- 
rieh ehyme (food and gastrie juice) passes through the mucosa (inner lining) of the duodenum, it 
stimrilates speeifie eells in the duodenum to release CCK. This hormone then travels through the 
bloodstream and targets the smooth muscle around the gallbladder. 

These smooth muscle eells have reeeptors for CCK. Onee CCK binds to these reeeptors, it 
induces the smooth muscle to eontraet. The resiilt is that bile is expelled forcefully from the galb 
bladder. Simultaneously, CCK targets the smooth muscle of the hepatopanereatie sphineter and 
causes it to relax, opening the sphineter. With the sphineter open, bile moves out of the gallbladder, 
down the eystie duct, down the eommon bile duct, past the hepatopanereratie sphineter, and into the 
duodenum. 


Function 


Emulsification of lipids (fats) is the first step in the ehemieal digestion of lipids. Rather than breaking 
ehemieal bonds, bile physieally breaks large masses of lipids into smaller lipid droplets. This makes it 
easier for enzymes such as lipase to faeilitate ehemieal digestion. 



Key to 1 llustration 


1. Right hepatie duct 

3. Common hepatie duct 

5. Common bile duct 

2. Left hepatie duct 

4. Cystic duct 

6. Panereatie duct 
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DIGESTIVE SVSTEM—Gallbladder and Bile 

Bile Production, Storage, and Release 
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DIGESTIVE SYSTEM—Large Intestine 

Vísiialízing the General Structure 


Deseription 


The large intestine, or large bowel, is a hollow, muscular tube about 5 feet long. It is subdivided into 
three different parts—cecum, eolon, and rectum. It eonneets the end of the small intestine ( ileum ) to 
the anus. 

The cecum is a pouch that marks the beginning of the large intestine. On the posterior side of 
this structure, the appendix ( vermiform appendix) ean be loeated. This is a long, slender, hollow tube- 
like structure that opens into the cecum. The next portion is the eolon, which is the longest part of 
the large intestine. It is subdivided into four segments— aseending , transverse , deseending, and sigmoid 
eolon. 

Along the length of the eolon is a band of smooth muscle ealled the tenia eoli. It eonstriets the 
eolon into pouches ealled haustra that run all along its length and permit expansion and elongation 
of the eolon. At regular intervals along the taenia eoli are flaps of fatty tissue ealled fatty appendiees 
(epiploie appendages ). The rectum is the last segment of the large intestine and the digestive traet and 
allows for temporary storage of feeal waste. 



The appendix is also ealled the vermiform appendix. The term vermiform means “worm'like” so the 
appendix is eompared to a worm because of its general shape. 


Loeation 


Abdominal eavity; surrounds the small intestine 


Functions 


Reabsorption of water and eleetrolytes 

Absorption of some vitamins (e.g., vitamin K, B"Complex vitamins) produced by the baeteria 
Eseheriehia eoli (E. eoli), which naturally live within the eolon. 

Compaction and temporary storage of feeal waste 




Key to lllustration 



1. 

Cecum 

4. Left eolie (splenie) flexure 

7. 

lleoeeeal valve 

2. 

Right eolie (hepatie) flexure 

5. Tenia eoli 

8. 

Rectum 

3. 

Haustra 

6. Fatty appendages 

9. 

Anus 
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DIGESTIVE SVSTEM—Large Intestine 


Visiialízing the General Structure 



A bacterium ealled 
Eseheriehia eoli ( E. eoli) 
is a normal inhabitant 
of the large intestine. 
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IGMOID eolon 

is the last portion 
of the large intestine 
The term "sigmoid" 
means "r?^" shaped, 
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DIGESTIVE SVSTEM—Large Intestine 

Functíon of the Large Intestine 


Deseription 


The large intestine ( large bowel) is a hollow, miiseiilar tube ahout 5 feet long that eonneets the end of the small 
intestine ( ileum ) to the anus. It is stibdivided into three different parts— cecum, eolon, and rectum. The eeetim is 
a pouch that marks the beginning of the large intestine. On the posterior surface of this structure, the appendix 
ean be loeated. This is a long, slender, hollow tube that opens into the cecum. 

The next portion is the eolon, the longest part of the intestine. It is stibdivided into four segments— aseend' 
ing, transverse, deseending, and sigmoid eolon. Along the length of the eolon is a band of smooth muscle ealled the 
tenia eoli. It btilges the eolon into pouch.es ealled haustra, which run along its length and permit expansion and 
elongation of the eolon. At regular intervals along the tenia eoli are flaps of fatty tissue ealled fatty appendiees. 
The last segment of the large intestine and the digestive traet is the reetiim, which allows for temporary storage of 
feeal waste. 


Proeess 


Most nutrients have been digested and absorbed into the blood by the time they reaeh the end of the small intestine. 
The remaining undigested ehyme passes through the ileoeeeal sphineter and into the large intestine. Two opposing 
proeesses—absorption and seeretion—occur. Absorption is the movement of nutrients from the large intestine 
into the blood and then into eells. Seeretion is the movement of substances from the blood to the large intestine 
for eventual excretion. Remaining to be absorbed in the large intestine are some eleetrolytes, water, and vitamins. 
Absorption and seeretion take plaee in the aseending and transverse eolon. The remaining tmdigestible material is 
eompaeted into a semisolid mixture ealled feees, which is stored temporarily in the deseending and sigmoid eolon 
and finally ejeeted from the body. The proeess of eliminating the feees is eontrolled by a defeeation reflex. 

We share a mutually benefieial relationship with the various baeteria —such as Eseheriehia eoli ( E.Goli )— 
that live inside the large intestine. We provide them with a warm environment and food to live and reproduce 
while they make vitamins for us that we ean’t make on our own, such as vitamin K and B'Complex vitamins. But 
baeteria also contribue to flatns, or gas. As they metabolize any remaining earbohydrates, they produce hydrogen, 
earbon dioxide, and methane gases. Another gas produced by baeteria—hydrogen sulfide—gives off a “rotten egg” 
odor. But the baeteria are not entirely to blame because the major source of intestinal gas is air swallowed during 
the rapid ingestion of food. 


Motility 


The muscularis layer of the wall of the large intestine eontains two layers of smooth muscle —an inner, eiretilar 
layer and an outer, longitiidinal layer. Contraction of this smooth muscle in different ways allows for movement of 
undigested materials inside the large intestine. The three types of motility through the large intestine are: 


© 




Segmentation ( hanstral ehmning). As undigested material enters the haustra, the expansion triggers muscu- 
laris layer eontraetions that pineh the haustra into separate eompartments and turn the eontents inside. This 
serves to enhanee absorption and seeretion of water and eleetrolytes, as well as to propel the eontents to the 
next haustrum. 

Peristalsis. Stimulation of the muscularis layer resiilts in a weak, rhythmie wave of eontraetion that is a 
eombination of pinehing the eiretilar layer and shortening the longitudinal layer. Together, this eontraetion 
eombination results in the gradtial proptilsion of undigested material through the traet. 

Mass movement. This strong muscle eontraetion forees feeal material into the rectum. It is regiilated by a 
reflex and occurs two to three times a day on average. 


Absorption 

and 

Seeretion 


Absorption follows a predietable sequence, illustrated on the faeing page, as follows: 


© 



Levels of sodium (Na + ) and potassmm (K + ) are eontrolled by the sodmm-potassmm pump (see p. 58), 
which transports these ions in opposite direetions. Sodium is aetively transported out of the lumen of 
the large intestine and into the blood, and potassium is transported into the large intestine. The net result is 
that sodiiim is reabsorbed into the blood and potassium is seereted into the large intestine to be removed in 
the feees. The result is that it causes a higher solute eoneentration in the blood relative to the lumen of the 
large intestine. 

Because water (H z O) always moves passively aeross a plasma membrane toward the higher solute eoneentra^ 
tion via osmosis (see p. 48), this is what occurs next: The body forees osmosis by aetively transporting sodium 
out first. 
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DIGESTIVE SYSTEM—Large Intestine 

Functíon of the Large Intestine 


Right eolie 
(hepatie) 
flexure 


Left eolie 
(splenie) 
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Cecum 


Appendix 


Sigmoid 

eolon 


Rectum 


FUNCTIONAL 

OVERVIEW 



Feees 


MOTILITY 



"Pinehing" 


Smooth m. 



Peristalsis 



ABSORPTION (A) and 
SECRETION (S) 





Baeteria are 

normal 
inhabitants 
of the large 
intestine 
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manufacture 
vitamins 
for the body 



Large Intestine 


Blood Capillary c 
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Color the 
large intestine 
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blood 
eapillary 
red. 
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METABOUC PHYSIOLOGY 


Overvíew of Energy Metabolism 


Deseription 


Phases 


Metabolism is the sum total of all the ehemieal reaetions within the hody. It eonsists of two different proeesses—eata- 
bolie reaetions and anabolie reaetions. Catabolic reaetions break down organie compounds into simpler building 
hloeks (e.g., lipids into fatty aeids and glyeerol) and anabolie reaetions use these building hloeks to synthesize more 
complex organie compounds (e.g., amino aeids into proteins). Energy metabolism focuses on the elements of metab- 
olism that generate ATP. As a general overview of energy metabolism, let’s examine it as having three main phases: 

Phase 1: The release of nufrients in the digesfive traet lumen 

Let’s examine the digestion of three major nutrients: lipids, complex earbohydrates, and proteins. As these 
macromolecules are ingested, they enter the digestive traet and are broken down gradually into their most funda^ 
mental building bloeks: 

Proteins — amino aeids 

Complex earbohydrates —► glucose (and other simple stigars) 

Lipids (e.g. } triglyeerides) —► monoglyeerides and fatty aeids 

This phase of eatabolism is eatalyzed hy digestive enzymes in the digestive traet. These building bloeks now are 
small enough for the eells to use. After being absorbed into the bloodstream throtigh mieroseopie structures ealled 
villi on the inner lining of the small intestine, they are transported to various eells throughout the hody. 

Phase 2: The fate of nufrients ivithin eells of various tissues 

Glucose has three possible fates: 

1. Stored: In the form of glyeogen, this is a long ehain of glucose molecules. Skeletal muscle eells and liver eells 
store lots of glyeogen when excess glucose is present in the blood. 

2. Catabolized: When the body requires energy, ghieose is eatabolized to produce ATP molecules. The three 
stages of gliieose eatabolism are: glyeolysis, the eitrie aeid eyele, and eleetron transport. 

3. Converted: Ghieose ean he eonverted into several amino aeids, which then are used to make proteins. Alten 
natively, when storage of glyeogen is maximized, liver eells ean eonvert ghieose into glyeerol and fatty aeids to 
form triglyeerides. The triglyeerides then are deposited in fatty tissue. 


Fatty aeids and glyeerol have one of two general fates: 

1. Anabolized: Glyeerol and fatty aeids reeombine to form lipids within liver eells and fat eells. 

2. Converted: 


a. Glyeerol ean be eonverted into glyeeraldehydeG-phosphate—one of the eompoimds formed during the 
proeess of glyeolysis. Then, depending on the ATP levels in the eell, it is eonverted into either pyruvic 
aeid (via glyeolysis) or glucose (via gluconeogenesis). 



Fatty aeids follow a different pathway than glyeerol. They ean be eonverted into aeetyl CoA, which then 
enters the eitrie aeid eyele to produce ATP. 


Amino aeids have three different fates: 

1. Anabolized: Amino aeids may be eonverted baek into proteins. 

2. Converted: Some amino aeids ean be eonverted into aeetyl CoA and enter the eitrie aeid eyele to produce 
ATP. When excess amounts of amino aeids are present, they ean be eonverted into either glucose (via gluco- 
neogenesis) or fatty aeids. 

3. Deaminated: Liver eells ean remove the amino group from some amino aeids to prodiiee carboxylic aeids and 
ammonia (NH 3 ), a proeess ealled deamination. Then the carboxylic aeids ean enter different stages of the eitrie 
aeid eyele. 

Phase 3: Aerobie eatabolism of nutrients in the mitoehondria of eells 

Aerobie respiration refers to the two parts of eelhilar respiration that occur inside the mitoehondrion—eitrie aeid 
eyele (see p. 406) and the eleetron transport system (see p. 408). Aeetyl CoA is a key ehemieal intermediate in 
metabolism and is generated from fatty aeids, pymvie aeid, and some amino aeids within the mitoehondrion. Onee 
aeetyl CoA is prodtieed, it may enter the eitrie aeid eyele as part of normal eatabolism. 
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METABOUC PHYSIOLOGY 


Overvíew of Energy Metabolísm 




Traee the pathway for lipids, earbohydrates, 
and proteins, using a different eolor for eaeh. 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolísm: Overview 


Equations 


Deseription 
and Analogy 


Effieieney 

Rating 


In the proeess of cellular respiration, one moleeiile of gliieose reaets with six oxygen moleetiles through a series of 
ehemieal reaetions to prodtiee six earbon dioxide molecules, six water molecules, 36 molecules of ATP and heat 
energy that is lost to the environment. 


< 5 > + 



glucose 


oxygen 




+ /6H 2 o\ + 


earbon 

dioxide 


water 



adenosine 

triphosphate 


+ heat 


REACTANTS 



oxygen 


ENERGY CONVERSION 


HEAT 




COMBUSTION 
REAOTION 




energy to 
turn wheels 


PRODUCTS 




The proeess of cellular respiration is like the combustion of gasoline in a ear engine. Both require an organie 
moleaile that functions as a fuel that must be ehemieally reaeted with oxygen. Gltieose is the fuel for the eell, and 
gasoline is the fuel for the ear engine. The ear engine uses a sparkpltig to ignite the eombiistihle oxygen/gasoline 
mhetiire, eatising it to prodtiee a small explosion, which moves a piston up and down inside a metal eylinder. This 
kinetie energy is transferred to an axle, eatising it to spin. Beeatise the wheels are attaehed to the axle, they spin as 
the axle spins. The direet products of this reaetion—earbon dioxide and water vapor—are released in the exhaust 
gases while heat is lost to the external environment. In stimmary, the ehemieahhond energy in gasoline is 
eonverted into kinetie energy which propels the ear. 

Cellular respiration works in a similar manner. Instead of having all the energy released at onee, glucose is 
broken down gradtially through a long series of ehemieal reaetions. The overall ptirpose is to trap as much energy 
as possible from glucose in the form of an energy moleetile ealled ATP. Then the ATP ean be used to do eelltilar 
work such as moving the tail of a sperm eell. Dtiring the proeess, some heat is lost to the environment. Like the ear 
engine, the final prodtiets of this ehemieal proeess are earhon dioxide and water. In stimmary, some of the ehemieal 
bond energy in gltieose is transferred slowly into ATP molecules, which ean he tised to do eelltilar work. 

Cellular respiration is a series of oxidation"reduction reaetions, or redox reaetions. This involves the transfer 
of eleetrons from one stibstanee to another. In this ease, glucose is oxidized because it loses eleetrons to oxygen. 
Oxygen is reduced beeatise it gains the eleetrons lost from glucose. To distingtiish oxidation from redtietion, remem- 
ber this mnemonie: “OIL RIG = Oxidation Is Loss, Reduction Is Gain.” 

Cellular respiration ineorporates three proeesses: (1) glyeolysis, (2) eitrie aeid eyele, and (3) the eleetron transport 
system (ETS). Eaeh of these proeesses are disetissed in more detail in separate modules. 

The proeess of cellular respiration is more effieient than a ear engine. One molecule of gltieose eontains 686 
kiloealories of energy. Of this total, 278 is captured in the bonds of ATP moleailes, giving it an effieieney rating of 
41%. The remaining 59% is lost as heat. Compared to a typieal ear engine that is between 10% and 30% effieient, 
this rating is looking pretty good! 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolism: Overvíew 


1. GLYCOLYSIS 



Roadmap 




Extracellular 
fluid 


Oytosol 


Color the reaetants — 
glucose and oxygen — 
one eolor. Then, eolor 

dioxide, water, and 
ATP — a different eolor. 



Inner 

mitoehondrial 

membrane 


Outer 

mitoehondrial 

membrane 



KEY 

© 

= eleetron 

NAD + = nieotinamide 



adenine 

© 

= hydrogen 

dinucleotide 

atom 

(eoenzyme) 


FUN FACT 


The earbon atom in eaeh molecule 
of earbon dioxide gas that you exhale 
originally eame from one of the earbon 
atoms in glucose. 
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METABOUC PHYSIOLOGY 

Carbohydrate Metabolísm: Cellular Respiration—Glyeolysis 


Overview 


Deseription 


Analogy 


Loeation within eell: 
Aerobie or anaerobie? 
Initial reaetant: 

Final product(s): 

Side products: 

Net yield of energy: 


eytosol 

anaerobie 

gbieose 

2 pymvie aeid molecules 
2 NADH (reduced eoenzymes) 

2 ATP molecules (4 ereated; 2 used) 


The term glyeolysis means the “splitting of glucose,” which accurately deseribes the proeess. It begins 
with one ghieose molecule eontaining 6 earbon atoms and ends with the formation of two new 3^can 
bon moleeriles ealled pyriivie aeid. This proeess is eatalyzed by various enzymes in the eytosol of eells 
and yields a net gain of 2 ATP molecules and 2 NADH. 

Instead of presenting the various ehemieal reaetions that occur in eaeh of the numerous interme- 
diate steps, the proeess is presented conceptually in two phases: 


Phase 1: Energy lnput Phase (splitting of glucose) 

Key idea: Free energy from the hydrolysis of 2 ATP molecules is invested to help split the original 
glucose molecule. 

Ghieose enters the eell by faeilitated diffusion (see p. 46) and remains in the eytosoh 


0 With the help of an enzyme, 2 phosphate groups from 2 ATP moleeiiles are transferred onto 
glucose, thereby ehanging it into fructose-l,6-biphosphate. These phosphate molecules have a 
net negative eharge and repel eaeh other. This repulsion makes the moleeiile more unstable in 
preparation for splitting it. 

0 With the help of an enzyme, the eovalent bond between two speeifie earbons in fmetose" 
1,6-biphosphate is broken, yielding two new 3"Carbon moleeiiles: dihydroxyacetone phosphate 
and glyeeraldehyde 3-phosphate. These two molecules are highly similar to eaeh other. 


Phase 2: Energy Capture Stage 

0 The two new 3"Carbon moleeiiles from phase 1 eaeh have an additional phosphate group trans- 
ferred onto them with the help of yet another enzyme. At the same time, a earrier moleerde 
ealled NAD + pieks up eleetrons from eaeh of the molecules and gets reduced to NADH. These 
eleetrons ean be transported into the eleetron transport system for later use. 

0 The two phosphates from eaeh 3'Carbon intermediate are transferred onto ADP to form a total 
of 4 new ATP molecules. 

0 The final result is that 2 new moleeiiles of pyruvic aeid are ereated. Note that the net gain in 
ATP for glyeolysis is 2 ATP (4 ereated in phase 2 minus 2 used in phase 1). 

0 The pymvie aeid molecules have two fates. If oxygen is present, they enter the eitrie aeid eyele in 
the mitoehondrion. If oxygen is not present, they are eonverted into laetie aeid in the eytosol. 


NAD + stands for Nieotinamide Adenine Dinucleotide. It is derived from the vitamin niaein and 
fimetions as a e arrier moleenle that transports eleetrons to the eleetron transport system (ETS). When 
NAD + is reduced (gains eleetrons ), it beeomes NADH. The NAD + molecule is like a ear pulling a 

trailer with no eargo, and NADH is like a ear filled with its “eleetron” eargo. 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolism: Cellular Respiratíon—Glyeolysis 


1. GLYCOLYSIS 



Roadmap 



GLYCOLYSIS: CONCEPTUAL OVERVIEW 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolísm: Cellular Respiration—Oitrie Aeid Cycle 


Overview 


Deseription 


Loeation within eell: 

Aerobie or anaerobie? 

Initial reaetant: 

Final product: 

Side products: 

(for both pymvie aeids 
from glyeolysis ) 

Net yield of energy: 


mitoehondrion 
aerobie (indireetly) 
eitrie aeid 

oxaloacetic aeid (which eondenses with aeetyl CoA to form eitrie aeid) 

NADH, FADH 2 (10 rediieed eoenzymes in total) 

6 C0 2 molecules (4 dtiring the eyele; 2 in formation of aeetyl CoA) 

2 ATP molecules 


3 Key events: 1 . Conversion of Pyrnvie aeid ( from glyeolysis) into aeetyl CoA. 

This is what links glyeolysis to the eitrie aeid eyele. 

2. Formation of C0 2 as a side product. 

The earbon in earbon dioxide ean be traeed baek to the earbon in gltieose. Think about 
that the next time you exhale some C0 2 ! 

3. Formation of many reduced eoenzymes (NADH, FADH 2 ). 

These reduced eoenzymes link the eitrie aeid eyele to the eleetron transport system. 

Before eitrie aeid eyele begins: 

Pyrnvie aeid is first eonverted into aeetie aeid, and then into aeetyl Coenzyme A (CoA). 

C0 2 is released in the proeess. 

CoA is used to eonvert aeetie aeid into aeetyl CoA. 

• NAD + is reduced to NADH by pieking up eleetrons. 




Citric Aeid Cycle: Step by Step: 

Note: Eaeh of the steps in the eitrie aeid eyele requires the help of a different enzyme. 

0 Citric aeid is eonverted into isoeitrie aeid. 

Isoeitrie aeid is eonverted into alpha-ketoglutaric aeid. 

NAD + is reduced to NADH. 

C0 2 is released in the proeess. 

Alpha-ketoglutaric aeid is eonverted into Succinyl CoA. 

CoA enters this step to ereate Succinyl CoA. 

NAD + is reduced to NADH. 

CO z is released in the proeess. 

0 Succinyl CoA is eonverted into succinic aeid. 

Phosphate group is transferred from the energy molecule GTP to ADP to form ATP. 
• CoA is released in the proeess. 

Succinic aeid is eonverted into fumaric aeid. 

FAD is reduced to FADH 2 . 

Fumaric aeid is eonverted into malie aeid. 




(7) Malie aeid is eonverted into oxaloacetic aeid. 

NAD + is reduced to NADH. 



Oxaloacetic aeid eondenses with aeetyl eoenzyme A (CoA) to form eitrie aeid 



NAD + and FAD are both small moleetiles that aet like shuttle buses. NAD + is ealled Nieotinamide Adenine 
Dinucleotide, and FAD is ealled Flavin Adenine Dinucleotide. FAD is derived from vitamin B 2 (riboflavin). 
Both are elassified as earrier molecules, represented as different types of vehieles earrying a eargo. By pieking up 
eleetrons, NAD + is reduced to NADH and FAD is reduced to FADH 2 . The NAD + or FAD molecule is like a 
ear pulling a trailer with no eargo, and the NADH or FADH 2 is like a ear filled with its u electron ,, eargo. 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolísm: Cellular Respiration—Oitrie Aeid Cycle 


1. GLYCOLYSIS 
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METABOUC PHYSIOLOGY 

Carbohydrate Metabolísm: Cellular Respiration—Eleetron Transport System (ETS) 


Overview 


Deseription 


Loeation within eell: 
Aerobie or anaerobie? 
Side prodiiets: 

Final eleetron aeeeptor: 
Final prodiiet: 

Net yield of energy: 


mitoehondrion 
aerobie (0 2 used direetly) 

12 NADH and FADH 2 (total of 12 reduced eoenzymes) 
0 2 (oxygen) 

H 2 0 (water) 

32 ATP moleetiles 


ETS, the Eleetron Transport System, is the last step in cellular respiration, yet it prodtiees far more ATP than 
either of the first two steps. ETS aeeomplishes three major things: 

1. It uses the energy from eleetrons (e-) to ereate a hydrogen ion (or proton) gradient. 

2. It eonverts this potential energy into kinetie energy to prodiiee lots of ATP. 

3. It regenerates NAD + to allow glyeolysis and the eitrie aeid eyele to continue. 

The reduced eoenzymes (NADH and FADH 2 ) direetly link the eitrie aeid eyele to the ETS. They are 
earrying eleetrons from the original glucose moleetile that started the whole proeess. These high-energy eleetrons 
are delivered to membrane proteins and other eleetron earriers in the inner mitoehondrial membrane, where 
the ETS proeess occurs. The eleetrons are shuttled throtigh a series of eleetron earriers, where they go from a 
higlvenergy state to a low'energy state. 

Oxygen serves as the final eleetron aeeeptor. As oxygen bonds with the eleetron, it also bonds to hydrogen 
ions (H + ) to ereate a water moleetile in the matrix. Where do the hydrogen ions eome from? They are in the 
soliition of the matrix. Every solution in the body eontains an abimdanee of hydrogen ions and hydroxyl ions. 

Using the energy from the shuttled eleetrons, the eleetron earriers pump hydrogen ions from the mito- 
ehondrial matrix into the inter"membrane spaee. As a result, a gradient of hydrogen ions is ereated, which 
serves as a sotiree of potential energy. The primary way for the hydrogen ions to move quickly out of the inner 
membrane spaee is to flow throtigh a pore in a membrane protein ealled an ATP synthase. As the hydrogen 
ions diffuse down their gradient by flowing throtigh this pore, the potential energy is eonverted into kinetie 
energy. This kinetie energy is tised to eovalently bond a phosphate grotip (P) to an ADP molecule to produce 
an ATP moleetile. Note that both the phosphate grotip and the ADP molecule are present already in the 
soltition of the matrix. 


2 Key Ooneepts and Their Analogies 


Concept #1: 


The high-energy eleetron provides energy to the eleetron earriers to ereate a hydrogen ion 
gradient. 


Analogy #1: The eleetron being transported between the proteins in the inner mitoehondrial membrane is 

like a hot baked potato. The hot potato has thermal energy ( heat ) just like the eleetron has 
energy. The eleetron earriers in the inner mitoehondrial membrane are like a row of people 
standing next to eaeh other. Imagine that the first person tosses the baked potato to the next 
in line, who then tosses it to the next, and so on. The result is that eaeh person’s hands absorb 
a little bit of the heat from the potato. Similarly, the eleetron transfers some energy to the 
eleetron earriers, which then is used to transport a hydrogen ion (or proton) from the mitt> 
ehondrial matrix to the inner membrane spaee. The net result is that a hydrogen ion gradient 
is formed aeross the inner mitoehondrial membrane. 


Concept #2: The potential energy in the hydrogen ion gradient is eonverted into kinetie energy and 

used to ereate ATP. 

Analogy #2: The potential energy in the hydrogen ion gradient is like water behind a dam. The dam is the 

inner mitoehondrial membrane, and the water behind the dam is like the gradient of hydro- 
gen ions in the intenmembrane spaee. The floodgate in the dam is like the ATP synthase, 
and the kinetie energy from the flow of water through the dam is like the flow of hydrogen 
ions through the pore in the ATP synthase protein. 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolism: Cellular Respiration—Eleetron Transport System (ETS) 
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ATP Synthase: DAM ANALOGY 



The hydrogen ion gradient is 
like water behind a dam in 
the sense that it has potential 
energy to do work. 
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membrane) 


Hydrogen ions moving through 
the ATP synthase protein are like 
a stream of water moving through the 
dam's floodgate. This same kinetie 
energy that drives a turbine and 
generates hydroeleetrie power is 
used by the eell to bond a phosphate 
group to ADP to form ATP. 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolísm: Fermentation 


Deseription 


Fermentation is the production of two laetie aeid molecules from the breakdown of a single glucose 
moleerile when no oxygen is present in the eell. This proeess occurs in the eytosol and yields 2 ATP 
and 2 NADH. Reeall that in glyeolysis (see p. 404), glucose is broken down into 2 pyruvic aeid moh 
ecules. When oxygen is present (aerobie respiration), the pymvie aeid is eonverted into aeetyl eoem 
zyme A, enters the eitrie aeid eyele, and then the eleetron transport ehain. In this ease, the number 
of ATP produced is about 36. But when no oxygen is present, such as in skeletal muscle eells during 
vigorous exercise, the pymvie aeid is eonverted into laetie aeid. This reduces ATP production to a 
total of only 2. 

The eonversion of pymvie aeid into laetie aeid is a type of ehemieal reaetion ealled a rednetion 
reaetion. Oxidatiomreduction reaetions are eommon in metabolie pathways and are always paired 
together. These reaetions involve the transfer of eleetrons from one siibstanee to another. To dis- 
tinguish between these two reaetions, reeall OIL RIG = Oxidation Is Loss, Rednetion is Gain . The 
NADH is oxidized to beeome NAD + while pymvie aeid is redneed to beeome laetie aeid. NAD + is a 
earrier molecule with eleetrons as its eargo. It aets like a shuttle bus in that it is eonstantly pieking up 
eleetrons and dropping off eleetrons. The production of NAD + in the formation of laetie aeid allows 
glyeolysis to continue because NAD + is needed for the oxidatiomreduction proeess. 

The buildup of laetie aeid inside skeletal muscle eells causes soreness, which is the genesis of the 
phrase used by athletie trainers: u no pain, no gain.” This accumulation is a problem because it tends 
to lower the loeal pH, which interferes with normal ehemieal reaetions that have to occur. Conse- 
quently, eells need to get rid of it. As its levels inerease, laetie aeid diffuses out of eells and into the 
blood from which it is taken up by liver eells. Unlike most body eells, liver eells eontain speeial 
enzymes that ean eonvert laetie aeid baek into pymvie aeid in the presenee of oxygen. After this 
occurs, liver eells ean mn the ehemieal reaetions of glyeolysis in reverse to eonvert pymvie aeid baek 
into glucose. The gliieose ean then diffuse baek into the blood where it ean be used as an energy 
source for other muscle eells. This ehemieal eyeling of laetie aeid baek into glucose between muscle 
eells and liver eells is referred to as the Cori eyele. 
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METABOUC PHYSIOLOGY 


Carbohydrate Metabolísm: Fermentation 


1. GLYCOLYSIS 
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METABOUC PHYSIOLOGY 


Lipid Metabolism 

Deseription 


Lipolysis 


Beta Oxidation 


Lipogenesis 


Lipids in the body take many different forms, such as the phospholipids and eholesterol moleeiiles 
forind in eell membranes, and the triglyeerides stored in the adipose tissue under the skin. Though 
the total amorint of stored lipid molecules remains relatively eonstant, some ean be removed and 
either oxidized to be used as fuel or redeposited in other adipose eells. Though many eells in the body 
prefer to burn a carbohydrate"based fuel such as glucose, they also ean burn fuels such as triglyeerides 
or amino aeids when neeessary. Alternatively, new lipids may be synthesized from other compounds. 

Because lipids do not dissolve in water, they are not transported readily in the blood. To solve 
this problem, lipids are eombined with proteins to form spheres ealled lipoproteins, which are more 
easily transported through the blood and delivered to body eells. Triglyeerides are the most eommon 
form of lipid in the body, so we will refer to this type when discussing how lipids are metabolized. 


Lipolysis is the proeess of breaking down lipids to produce ATP (lipo = lipid; -lysis = breaking 
down). Via hydrolysis, triglyeerides are broken down in the small intestine into their eomponent 
parts—glyeerol and fatty aeids. Onee inside the eells, glyeerol ean be eonverted into a glyeolysis 
intermediate—glyceraldehyde-3"phosphate—and then into pyriivie aeid. Pymvie aeid is oxidized 
through the eitrie aeid eyele, producing reduced eoenzymes. As these eoenzymes are oxidized by the 
eleetron transport system, ATP is produced. 


Fatty aeids follow a different pathway through a proeess ealled beta oxidation. In this series of ehemieal 
reaetions, which occurs in the mitoehondria, fatty aeids are broken down into twO"Carbon fragments. 
Eaeh of these fragments then is eonverted into aeetyl CoA, which is oxidized through the eitrie aeid 
eyele, producing reduced eoenzymes. As these eoenzymes are oxidized by the eleetron transport system, 
ATP is produced. In total, this accounts for a large production of ATP. For example, some fatty aeids 
produce about four times more ATP as eompared to the eomplete eatabolism of a single glucose molecule. 

In liver eells, fatty aeids are eatabolized to produce a group of substances ealled ketone bodies. 
This proeess, ealled ketogenesis, follows this pathway: 

Fatty aeids —► aeetyl CoA —► ketone bodies 

These ketone bodies enter the bloodstream and are delivered to eells. To produce ATP, some eells, 
such as eardiae muscle eells, prefer ketone bodies to ghieose. They aeeomplish this by eonverting 
ketone bodies baek into aeetyl CoA, which enters the eitrie aeid eyele, then eleetron transport system. 


The proeess of synthesizing lipids is ealled lipogenesis (lipo = lipid; «-genesis = generation, birth). 
This occurs in liver eells and adipose eells, which ean eonvert earbohydrate, proteins, and fats into 
triglyeerides. For example, drinking a lot of soda pop regularly gives the body more simple sugars than 
it needs, so they are eonverted into triglyeerides and stored in fat eells. An excess of simple sugars 
such as ghieose leads to the production of glyeerol or fatty aeids in the following pathways: 

glucose —► glyeeraldehyde-3-phosphate — ► glyeerol 

. . . or . . . 

glucose — ► pyruvic aeid —► aeetyl CoA —► fatty aeids 
The excess glyeerol + fatty aeids —► triglyeerides 

Proteins are broken down in the small intestine into various amino aeids. Certain types of amino 
aeids ean be eonverted into triglyeerides. The pathway for proteins is: 

protein —► amino aeids ( eertain types) —► aeetyl CoA — ► fatty aeids — ► triglyeerides 
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METABOUC PHYSIOLOGY 


Protein Metabolism 


Deseription 


Proeesses 


The body is made up primarily of water and protein. A healthy adult body may eontain as much as 
18% protein. The protein in a ehieken sandwich will be broken down gradually into amino aeids in 
the digestive traet. The amino aeids then are aetively transported (see p. 52) into the bloodstream 
and delivered to body eells. All body eells need amino aeids for two purposes: 

1. protein synthesis—to make new proteins within the eells, or 

2. to use as a fuel source to make ATP. 

If you ingest more protein than your body needs daily, the excess amino aeids are eonverted into 
either gliieose (^G^) or triglyeerides ([[=). 

Amino Aeids for Protein Synthesis 

$ o -► C)OOOAOOOi 

amino aeids P rotein 


The proeess of protein synthesis occurs at a ribosome (see p. 40). During human growth and de- 
velopment, proteins have to be produced regularly and rapidly. In the adult, protein synthesis serves 
the purpose of replaeing worn-out proteins and repairing damaged tissues. 

Just as the different letters in the alphabet are used to form words, different amino aeids are used 
to make proteins. There are 20 different types of amino aeids. The body ean synthesize some of them, 
but most must eome from the diet. Some eells, such as hepatoeytes (liver eells ), are more aetive than 
others at protein synthesis. Sometimes a eell has to eonvert one amino aeid to be able to ereate a spe- 
eifie protein. This is aehieved by a proeess ealled transamination, in which an amino group from an 
amino aeid is transferred to a keto aeid with the help of the enzyme transaminase. The result is that a 
keto aeid is eonverted into an amino aeid that ean be used in protein synthesis. Some examples of 
other tissues that are aetive in protein synthesis are eells in the brain, skeletal muscle, and heart. 


Amino Aeids as a Fuel $ource 
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Alternatively, the body eells ean use amino aeids to produce ATP by entering the eitrie aeid 
eyele. For this to occur, amino aeids must go through a deamination proeess, whereby they lose their 
amino (NH 2 ) group and a hydrogen atom with the help of the enzyme deaminase. The result is that 
ammonia (NH 3 ) is produced along with a keto aeid. The keto aeid ean enter the eitrie aeid eyele and 
eleetron transport system to produce ATP for the eell. 

Because ammonia is toxic to eells, it is eonverted further into a waste product ealled urea, a 
harmless sribstanee. This occurs in hepatoeytes when ammonia and earbon dioxide enter a bioehemn 
eal pathway ealled the urea eyele, where urea is the primary byproduct. The liver is the major site for 
these deaminations because the hepatoeytes have the proper enzymes to do the job. Urea normally 
travels through the blood and into the kidneys, where it is filtered out and excreted from the body as 
part of the urine. 
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(JRINARV SVSTEM 

Overview—General Structures 


Deseription 


The urinary system is eomposed of the kidneys, ureters, urinary bladder, and urethra. The kidneys 
are loeated on either side of the upper lrimbar region of the vertebral eolrimn. They lie between the 
dorsal body wall and the parietal peritoneum in a retroperitoneal position. They are tightly eovered 
by the parietal peritoneum on their anterior surface and further proteeted by layers of fatty tissue. 
Major abdominal organs such as the small and large intestines are all positioned anterior to the 
kidneys. 

The renal arteries braneh off the abdominal aorta and supply oxygenated blood to the kidneys, 
while the renal veins drain blood from the kidneys and empty into the inferior vena eava. The blood 
that enters the kidney via the renal artery eontains various waste products that must be removed 
from the blood. The fimetional units within the kidney are mieroseopie structures ealled nephrons. 
They filter waste products and other substances from the blood and transfer them to a separate 
tubular system. The fluid that enters the tubular system is ealled the filtrate. The filtrate is proeessed 
in a manner that transports nutrients baek to the bloodstream and retains waste products in the 
tribiilar system. 

When the proeessing is eompleted, the liquid inside the tube is ealled urine. In reality, urine is 
nothing more than proeessed blood plasma. The urine then moves out of the nephrons and into the 
pelvis of the kidneys. Slender, muscular tubes ealled ureters transport urine from the kidney to the 
urinary bladder. The muscular urinary bladder ean expand to hold as much as 600-800 ml. of urine. 
Finally, urine is removed from the body by the proeess of micturition ( mination ), which uses forceful 
muscular eontraetions in the wall of the urinary bladder to transport urine into the urethra and out of 
the body. 



Key to lllustration 


Major Organs/Structures 

Blood Vessels (B) 


1. Kidney 

B1. Inferior vena eava 

B6. Internal iliae a. 

2. LJreter 

B2. Abdominal aorta 

B7. External iliae a. 

3. llrinary bladder 

B3. Renal a. 

B8. Gonadal v. (testicular v. iti 


B4. Renal v. 

male; ovarian v. in female) 


B5. Common iliae a. 

B9. Gonadal a. (testicular a. in 



male; ovarian a. in female) 
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(JRINARV SYSTEM 

Overvíew—General Structures 
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(JRINARV SYSTEM—Kidney—$tructure and Function 


Overvíew: General Structures 


Deseription 


The kidneys are eovered by a fibrous tissue ealled the renal capsule. The renal hilus, a eleft or inden- 
tation on the medial surface of the kidneys, is a handy landmark for loeating the ureters, blood 
vessels (renal a., renal v.), and nerves that serve this organ. Eaeh kidney is divided into three regional 
areas: cortex, medrdla, and pelvis. The cortex is the outermost region, like the bark around a tree, 
and appears granular. The darker eolored medulla is the middle region, eontaining numerous funneh 
shaped structural units ealled renal pyramids, eaeh with a papilla at its tapered end. 

Separating the pyramids are projeetions of eortieal tissue ealled renal columns. The eentral 
region is the pelvis—a pouch that narrows and extends direetly into the ureter. 

Near the medrilla, the pelvis branehes off into structures ealled ealyees (sing., calyx). Eaeh cup- 
shaped minor calyx surrounds eaeh papilhis of a renal pyramid to reeeive urine from it. When several 
of these minor ealyees join together, they form a larger ehamber ealled a major calyx. As urine is 
eolleeted in the pelvis, it moves down the ureter and into the urinary bladder. 



The ealyees (sing., calyx) are functionally like a plumbing system of smallendiameter pipes leading 
to larger ones. Eaeh smaller pipe is a minor calyx, and eaeh larger pipe is a major calyx. The flow of 
water through the pipes follows a path similar to the flow of urine through the ealyees. 


Regional areas 

1. Cortex 

2. Medulla 

3. Pelvis 


Key to lllustratiori 

Other structures 

4. Renal papillus 

5. Renal pyramids 

6. Renal capsule 

7. Renal column 

8. Minor calyx 

9. Major calyx 

10. Adipose tissue in renal sinus 

11. Renal hilus 

12. llreter 
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Overvievv: General Structures 
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The ealyees (sing., calyx) are functionally 
like a plumbing system of smaller diameter pipes 
leading to larger ones. Eaeh smaller pipe is 
a minor calyx, and eaeh larger pipe is a major calyx. 

The flow of water through the pipes follows a path similar 
to the flow of urine through the ealyees. 
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(JRINARV SYSTEM—Kidney—$tructure and Function 


Nephron Structure and Functíon 


Deseription 


The nephron is the mieroseopie, functional unit of the kidney. Eaeh kidney has more than one million of these 
units per kidney. Eaeh nephron is divided into six distinet parts: (1) glomerulus, (2) glomemlar capsule , (3) proximal 
convoluted tubule (PCT), (4) nephron loop , (5) distal convoluted tubule (DCT), and (6) eolleeting tubule. As blood 
enters the kidney via the renal artery, it branehes into smaller vessels until it beeomes the interlobular artery 
in the renal cortex. The afferent arteriole branehes off the interlobular artery and delivers blood to a speeial 
eoiled ball of eapillaries ealled the glomerulus. 

Completely surrounding the glomemhis is a cupdike structure ealled the glomemlar capsule. Together, the 
glomemliis and the glomemlar capsule form a structure ealled the renal corpuscle. Connected to the capsule 
is a long tiibiilar system. The glomerulus is highly permeahle primarily hecause of pores in its walls, ealled 
fenestrae. Wrapped around the glomemlar eapillaries are eells ealled podoeytes —modified simple squamous 
epithelial eells. 


Functions 


Eaeh nephron ean perform only three functions: (1) filtration, (2) reabsorption, and (3) seeretion. Filtration 
occurs only in the glomerulus. The blood in the glomemliis is under high pressure, so the plasma is passively 
filtered into the glomemlar capsule. The solution inside the glomemlar eapsrile is referred to as filtrate. It flows 
from the glomemlar capsule into the first part of the tubular system, ealled the PCT. Next it flows down the 
deseending limb and up the aseending limb of the nephron loop. Then the filtrate enters the DCT, and finally 
moves into the eolleeting tubule. 

The filtrate must be proeessed while in the tubules of the nephron because it eontains both nutrients and 
waste products mixed together. This is aehieved by reabsorption and seeredon. Through reabsorption, the 
nephron returns nutrients such as sodium ions and water to the bloodstream. In seeretion, unwanted suhstances 
in excess amounts, such as hydrogen ions, potassium ions, and antibioties, are transported out of the blood and 
into the renal tubular system. After this proeessing job is eompleted, the resulting fluid is finally referred to as 
urine. The urine then follows this pathway: minor calyx —► major calyx —» rneter —> minary bladder —» methra. 
After passing through the urethra, the urine exits the body. 
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Nephron Structure and Function 
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(JRINARV SYSTEM—Kidney—$tructure and Function 

Nephron Function 1: Filtratíon 


Deseription 


The major function of the kidneys is to filter and proeess the blood plasma to prodiiee urine. This 
oeerirs within the kidney’s millions of mieroseopie filter units ealled nephrons. The first step in this 
proeess is filtration of the blood, which occurs in the nephron’s eoiled ball of eapillaries ealled the 
glomerulus. During this proeess, the blood pressure in the glomerulus forees a liquid mixture of nutri- 
ents and waste products to move into the cup'like structure surrounding the glomerulus, ealled the 
glomemlar capsule. 

This mixture is referred to as the filtrate. It eontains substances such as water, amino aeids, glu- 
eose, sodirim, ehloride, urea, uric aeid, and many others. Working together, both kidneys filter about 
48 gallons (182 liters) of plasma per day. In total, about 99% of this large volume with all its nutrients 
will be reabsorbed baek into the blood, and the remaining 1% will be released from the body as urine. 
To better rmderstand the proeess of glomemlar filtration, we will examine the forees and counter 
forees involved. 


\7 



Foree 

Glomemlar hydrostatie pressure (GHP): This is the foree of the blood pressure against the walls of 
the glomemhis. Filtration is eompletely dependent on pressiire. If the blood pressiire drops too low, 
filtration stops. The blood pressure in the glomemliis averages about 50 mm Hg and eannot be 
measured direetly, so it must be determined mathematieally. Think of the GHP like the foree exerted 
by a srimo wrestler as he thrnsts himself forward against his opponent(s). 


Counter-Forces 



CHP BCOP 


Two forees work against the GHP: the CHP and the BCOP. Eaeh is like a boy sumo wrestler 
pushing against the adult sumo wrestler. 

1. Capsular hydrostatie pressure (CHP): Like the foree of water in a water balloon, this is the 
foree of the filtrate fluid against the wall of the glomemlar eapsrile. It averages about 15 mm Hg 
and works against filtration. 

2. Blood eolloidal osmotie pressure (BCOP): This is the only foree that is not a hydrostatie pres- 
sure of fluid against a wall. Instead, it is an osmotie pressure, which refers to the tendeney of 
water to move toward the solution with the higher eoneentration of nonpenetrating solrites. 
Because plasma proteins like albumin remain in the blood in the glomerulus, the water in the 
filtrate tends to move baek into the glomerulus. This osmotie pressure is a foree working against 
filtration and it averages about 25 mm Hg. 


Net Filtration 
Pressure Formula 


Net filtration pressure = GHP — (CHP + BCOP) or “forees = sum of all counter-forces” 

= 50 - (15 + 25) 

= 50 - (40) 

= 10 mm Hg 


In other words, a net positive pressure is maintained so the proeess of filtration 
ean continue. If this were not the ease, renal failure could result. 
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Nephron Function 1: Fíltration 
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Color the glomerulus red 
to represent the 
blood that runs 
through it. 

Color the spaee 
inside the 
glomemlar capsule 
yellow to represent 
the filtrate 
inside it. 


Sehematie of Forees 
and Counter-Forces 



CHP BCOP 


The forees and counter-forces 
involved in filtration within the 
renal corpuscle are like an adult 
sumo wrestler pushing against 
the two ehild sumo wrestlers. The 
foree from the adult sumo wrestler 
is like the GHP and the eombined 
push from the two ehild wrestlers 
are like the CHP and BCOP. 


425 













































(JRINARV SYSTEM—Kidney—$tructure and Function 


Regulatíon of the Glomemlar Filtration Rate 


Deseription 


The juxtaglomerular apparatus is vital to the glomerular filtration rate (GFR) and eonsists of the 
following two stmetLires: 



Juxtaglomerular (JG) eells: a gronp of modified smooth muscle eells around the afferent arteriole. 
They seerete the enzyme renin. 


(?) Macula densa: a group of modified epithelial eells within the wall of the distal convoluted 
tubule adjaeent to the afferent arteriole. They aet as ehemoreeeptors that sense ehanges in solute 
eoneentration of the filtrate. 


Eaeh glomerulus in every nephron filters the blood to produce filtrate. The GFR is the volume of 
filtrate produced every minute by all the nephrons in both kidneys and is equal to about 125 ml 
filtrate/min. The blood pressure (BP) in eaeh glomerulus must be kept relatively eonstant to ensure 
that filtration continues. If the GFR rises or falls too far from this normal level, nephron function is 
impaired. 

As shown in the illustration, a general seheme is used to either inerease or deerease the GFR as 
needed. This involves eontrolling the blood flow through the glomerulus. 



Let’s eompare the glomerulus to a loop of garden hose that has some holes for filtration. If we expand 
the ineoming end of the hose, this allows more water in and inereases the water pressure. If 
we squeeze the outgoing end, this causes a backup of fluid in the loop and inereases water pressure. 
Similarly, the glomerulus uses vasodilation and vasoeonstrietion of its afferent and efferent arterioles 
to ehange the BP in the glomerulus. By doing so, this direetly ehanges the GFR. 


Meehanisms 


To eontrol the GFR, three major meehanisms are used: (1) autoregulation, (2) neural regulation, and 
(3) hormonal regulation. Let’s summarize eaeh, in turn. 

A utoregulation is the dominant eontrol meehanism at rest. It is subdivided into two meeha^ 
nisms: (a) smooth mnsele meehanism , and (b) tubular meehanism. The first uses stretehing of the 
wall of the afferent arteriole as a stimulus to induce vasoeonstrietion of itself. This leads to a 
deerease in blood flow to the glomemliis and deereases GFR baek to normal levels. The seeond 
meehanism involves the macula densa. For example, when BP inereases, the GFR also in- 
ereases. This results in an inerease in filtrate flow in the renal tubules. Because this also in- 
ereases the level of solute ( such as Na + and Cl~ ) in the filtrate, the maeiila densa deteets this 
ehange and responds by eonstrieting the afferent arteriole. This reduces blood flow to the 
glomerulus and deereases the GFR baek to normal levels. 

Nernal regulation occurs during periods of physieal aetivity and stressful situations. Because it is 
the sympathetie division of the autonomic nervous system (ANS) that helps us respond to 
these situations, it also eontrols the GFR. Neurons are linked to the afferent arteriole through a 
reflex pathway. In an effort to deliver more blood to vital organs, less blood should be going to 
the kidneys. To aeeomplish this, nerve impulses stimulate the smooth muscle around the affer- 
ent arteriole to eonstriet which deereases the blood flow to the glomerulus and deereases GFR. 

Hormonal regulation involves the hormone angiotensin II and is triggered by a deerease in 
blood volume or BP This is part of the normal renin-angiotensin aldosterone system (see 
p. 442). Juxtaglomerular eells release the enzyme renin into the bloodstream, which leads 
to the production of angiotensin II, a powerful vasoeonstrietor. By causing peripheral blood 
vessels to eonstriet, it inereases systemie BP, which inereases GFR. 
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Regulation of the Glomemlar Fíltration Rate 


Juxtaglomerular apparatus 




General Seheme for Controlling the GFR 

By inereasing or deereasing the BP in the glomerulus 


There are two ways to 
ehange the BP 
in the glomerulus 


There are two ways to 
ehange the water pressure 
in the garden hose 


© Vasodilation © Vasoeonstrietion 


Afferent 

arteriole 


Efferent 

arteriole 



Glomerulus 
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(small blaek 
arrovvs 
indieate 
filtration) 


(to PCT) 
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Hole in hose 


This loop of 
garden hose 

is the like 
the glomerulus 


Filtration \ 

àà. 


Cross-section of 
renal corpuscle 
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Nephron Functíon 2: 

Deseription 


Reabsorption 
by Nephron 
Region 


General 
Seheme for 
Reabsorption 


Tubular Reabsorption 


Reabsorption is the transport of nutrients such 
as sodirim ions or water from the renal tubule 
into the blood of the peritubular eapillaries. 


Afferent 

arteriole 


Efferent 

arteriole 


Glomerulus 
Glomemlar 
capsule 



é 


Renal tubule 

I 


> 


\ 


Urine 

Blood 


Peritubular 

eapillaries 


KEY 

R = reabsorption 


Some of the major substances 
that are reabsorbed include ions 
such as sodÌLim (Na + ), ehloride 
(Cl“), potassium(K + ),calcium 
(Ca + 2 ), magnesmm (Mg + 2 ), 
and biearbonate (HC0 3 _ ), 
along with water, glucose, and 
amino aeids. The table shows 
what substances are reabsorbed 
in eaeh part of the nephron. 
Both aetive and passive trans- 
port proeesses are used in re- 
absorption (see p. 44). Some 
substances, SLieh as ghieose, are 
eotransported. 


Nephron Region 

Major Substances Reabsorbed 

Proximal convoluted 
tubule (PCT) 

• Na + a *<g) *HC0 3 - 

* Cl (h o\ • Amino * Ca+2 

• K+ ly 2 J aeids • Mg+2 

Nephron loop 

• Na + /K • HC0 3 “ 

•Cr / \ • Ca +2 

• K+ T 2 °) • Mg+ 2 

Distal convoluted 
tubule (DCT) 

• Na + A • Ca +2 

• c| - ^ 

Collecting tubule (CT) 

• Na + /K • HC0 3 “ 

(^2°) 



Sodium ions (Na + ) typieally are transported aetively into 
the interstitial spaee. These ions then difhise into the 
blood. This ereates a gradient of positive ( + ) eharge in the 
interstitial spaee. 



The gradient of positive eharge in the interstitial spaee 
draws negatively eharged anions such as ehloride ions 
(Cl - ) passively out of the tubule, into the interstitial 
spaee and then into the blood. 



Water (H z O) follows the salt. Because of the higher 
sohite eoneentration in the interstitial spaee relative 
to the tubule, water leaves the tubule via osmosis (see 
p. 48). Therefore, by ereating this gradient of sodium 
and ehloride ions, the nephron has really foreed 
osmosis to occur. 



* Na + - 
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+ V 

Na+ 

+ + 
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Nephron Function 2: Tubular Reabsorption 



Reabsorption in the Nephron 


PCT 


Peritubular 

eapillaries 



Nephron 

loop 


Collecting 

tubule 


Amount of Filtrate Reabsorbed 


by Nephron Region 


NEPHRON REGION 

AMOLINT 
REABSORBED 
(out of 125 ml filtrate) 

Proximal convoluted 
tubule (PCT) 

100 ml 

Nephron loop 

7 ml 

Distal convoluted 
tubule (DCT) 

12 ml 

Collecting tubule 
(CT) 

5 ml 


TOTAL REABSORBED: 124 ml 

This is based on a rate of filtrate being formed 
at 125 ml/min by both kidneys. Therefore, 

124 of the 125 ml is reabsorbed into the blood. 
About 80% of this total occurs in the PCT. 


Functional 

Analogy 


The reabsorption proeess in the nephron is like workers sorting different products on a 
eonveyor belt. The substances filtered from the blood in the glomerulus eontain a mixture of 
nutrients (ex: water, gliieose, amino aeids) and waste prodiiets (ex: urea, uric aeid). The waste 
products remain in the tubules (PCT, nephron loop, DCT, and eolleeting tubule) while the 
nutrients must be reabsorbed baek into the blood. The workers are like the membrane proteins 
in the tubules that transport speeifie substances into the blood. The tubule eonveyor represents 
the filtrate moving through the renal tubules and the blood eonveyor represents the blood in the 
peritubular eapillaries that surround the tubules. In the end, the waste products are eolleeted 
in the urine, which is stored in the urinary bladder and excreted from the body while the 
nutrients travel through the blood to finally be used by body eells. 





Blood 
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Blood 
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KEY 

A> = nutrient (ex: glucose) 

01 = waste product (ex: urea) 
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Color the blood bin red 
and the urine bin yellow. 
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Nephron Functíon 3: Tubular Seeretion 


Deseription 


Seeretion is the transport of substances such as 
hydrogen ions from the blood of the peritubular 
eapillaries into the renal tubules. The purpose is 
to remove these substances from the body in the 
urine. 


Afferent 

arteriole 


Efferent 

arteriole 


Glomerulus 
Glomemlar 
capsule 



Renal tubule 


LJrine 

Blood 


Peritubular 

eapillaries 


KEY 

S = seeretion 


Seeretion 
by Nephron 
Region 


The table shows the sribstanees that are 
seereted in eaeh part of the nephron. 


KEY 

H + = hydrogen ions 
K + = potassium ions 
NH 4 + = ammonium ions 


Nephron region 

Substance(s) seereted 

Proximal convoluted 
tubule (PCT) 

H + 

nh 4 + 

Urea 

Creatinine 

Nephron loop 

Urea 

Distal convoluted 
tubule (DCT) 

(nothing) 

eolleeting tubule (CT) 

H + 

K + 


Outcomes 
of Seeretion 


Tubular seeretion has three important outcomes: 

to eontrol blood pH: aehieved by the seeretion of hydrogen ions; 

to rid the body of nitrogen wastes; siibstanees such as urea, ereatinine, and ammonirim ions are 
all products of metabolie proeesses that must be released in the urine; and 

to rid the body of unwanted drugs; drugs such as penieillin also are seereted and released in the 
urine. 
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Nephron Function 3: Tubular Seeretion 




Functional 

Analogy 


The seeretion proeess in the nephron is like workers moving products from one eonveyor 
belt to another. When eertain siibstanees such as potassium ions and hydrogen ions reaeh 
high levels in the blood, they are transported into the renal tubules and eventually released 
from the body in the urine. The workers are like the membrane proteins in the blood eapih 
laries that transport sribstanees into the renal tubules. The tubule eonveyor represents the 
filtrate moving through the renal tubules, and the blood eonveyor represents the blood in 
the peritubular eapillaries that surround the tubules. 
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lntroduction to Aeid-Base Balanee 


Deseription 


This module eovers the three general meehanisms used to regiilate aeid-base balanee in the body. 
These are buffer systems, exhalation of C0 2 , and kidney excretion of hydrogen ions (H + ). 


pH Seale 


Before explaining these meehanisms, it is helpful to review the pH seale. It direetly measiires the 
amount of free hydrogen ions in a solution to determine if the solution is either aeidie or alkaline 
(basie). Because this is an exponential seale, eaeh unit represents a 10x ehange in the hydrogen ion 
eoneentration. All solutions eontain both hydrogen ions (H + ) and hydroxide ions (OH“). When 
the eoneentration of hydrogen ions equals the eoneentration of hydroxide ions ([H + ] = [OH“]), a 
solution is neutral. When the hydrogen ion eoneentration is greater than the hydroxide ion eoneen" 
tration, the solution is aeidie. The soliition is alkaline when the hydrogen ion eoneentration is less 
than the hydroxide ion eoneentration. 

The range of the pH seale is from 0-14, with 7 being the neutral point. Valiies below 7 are 
aeidie, and values above 7 are alkaline. Weaker aeids and bases have pH values eloser to the neiitral 
point, and stronger aeids and bases have vahies nearer the ends of the seale. For example, a sohition 
with a pH of 2 is much more aeidie than a sohition with a pH of 5. 


Major 

Meehanisms 


It is vital that body fluids remain in a normal pH range. The normal blood pH is 7.35-7.45. 
Enzymes and other proteins in the blood are highly sensitive to pH ehanges and ean lose their func- 
tion if the blood beeomes either too aeidie or too alkaline. Byproducts from normal metabolism make 
the blood more aeidie. The body uses different meehanisms to raise the pH baek to normal. Here is a 
srimmary of the three major meehanisms: 



Buffer systems 


A buffer is a ehemieal substance that resists ehanges in pH. It’s like a viee that elamps down on the 
pH value. The body has several different buffering systems that temporarily bind free H + > thus 
making the pH more alkaline. One such system is ealled the earbonie aeid-biearbonate buffering 
system. When earbon dioxide (CO z ) diffuses into the blood it reaets with water (H z O) in the 
plasma to produce earbonie aeid (H 2 C0 3 ). This imstable aeid then breaks down into hydrogen 
ions (H + ) and biearbonate ions (HC0 3 “). When C0 2 levels are high, as during exercise, more 
earbonie aeid is produced and the blood beeomes more aeidie. But when C0 2 levels are low, the 
reaetion ean run in reverse. In short, the HC0 3 “ binds the free H + to prodiiee earbonie aeid and 
eonvert it into C0 2 . This makes the blood pH more alkaline. 


(2) Exhalation of C0 2 

Respiration eenters in the brain stem eontrol the rate and depth of breathing. inereasing these 
faetors resiilts in a more forceful exhalation, which removes C0 2 from the body. As explained in 
the earbonie aeid-biearbonate buffering system above, less C0 2 in the blood means less earbonie 
aeid being formed, making the blood pH more alkaline. 



Kidney excretion of hydrogen ions (H + ) 


Unlike buffering systems, the kidneys actually remove the excess H + from the body and excrete 
them in the urine. This makes the urine more aeidie and the blood less aeidie. For the details of this 
proeess, see p. 436. 
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lntroduction to Aeid-Base Balanee 
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Renal Regulation of Aeid-Base Balanee 


Deseription 

The kidneys regulate aeid-base balanee in the body. Normal metabolie reaetions in body eells 
produce aeids, such as sulfuric aeid, that are deposited in the blood. As with any aeid, this inereases 
the amorint of free hydrogen ions (H + ) in solution and makes the blood pH more aeidie than 
normal. Because these aeids are produced day after day, they must be eliminated from the body. This 
is aeeomplished by excreting the H + in the urine. 

Let’s explain this idea a bit further. Within the kidneys are millions of mieroseopie functional 
units ealled nephrons, which eonstantly filter the blood plasma and proeess it into urine. Two 
speeifie parts of the nephron—the proximal convoluted tubule (PCT) and the eolleeting tubule 
(CT) are involved in excreting H + into the urine. Any time a substance is moved out of the blood 
and into the renal tubules, it is ealled seeretion . Consequently, it is more accurate to say that H + is 
seereted into the renal tubules (PCT and CT). At the same time as H + is being seereted, biearbon- 
ate ions (HC0 3 _ ) are being reabsorbed baek into the blood so they are not lost in the urine. This 
eonstant removal of metabolie aeids ensiires that the blood pH remains in its normal range of 

7.35-7.45. 
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Renal Regulation of Aeid-Base Balanee 
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Water Conservation and Antidiuretic Hormone (ADH) 


Deseription 


Antidiuretic hormone (ADH) helps eonserve water. Imagine a hot day where you are working out- 
doors, sweating, and getting dehydrated. This triggers the following series of events: 

(?) Sweating inereases the blood osmotie pressure. This serves as a stimulus (S). 

(2) This inerease in osmotie pressure is deteeted by osmoreeeptors within the hypothalamus that 
eonstantly monitor the osmolarity (“saltiness”) of the blood. 

Osmoreeeptors stimulate groups of neurons within the hypothalamus to release ADH from the 

posterior lobe of the pituitary gland. 

(4) Like all hormones, ADH travels through the bloodstream to its various target organs.* 

One of its targets, the renal tubules in the kidney, eontains reeeptors for ADH. Most of these 
reeeptors are in the eolleeting tubules (CT). When ADH binds to its reeeptor, it makes the 
membrane more permeable to water. 





The final response (R) is an inerease in water reabsorption, which leads to a deerease in urine 
output. 


Now imagine that you drink lots of water after working outdoors to get rehydrated. What hap- 
pens? The excess water deereases the blood osmotie pressure. This inhibits osmoreeeptors, which, in 
turn, stops seeretion of ADH. If no ADH is released, the renal tubules remain impermeable to water. 
Therefore, the excess water is retained by the renal tubules and the result is an inerease in urine out' 
put. In short, while ADH helps the body eonserve water, it also eontrols whether the urine is dihited 
or eoneentrated. That’s one important little hormone! 

* Other targets that have reeeptors for ADH are sweat glands and arterioles. In sweat glands, ADH 
deereases perspiration to eonserve water. In arterioles, it causes the smooth muscle in the wall to 
eonstriet, narrowing the vessel diameter and inereasing blood pressure. 


436 








(JRINARV SYSTEM—Kidney—$tructure and Function 




Water Conservatíon and Antidiuretic Hormone (ADH) 
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Countercurrent Multiplier in the Nephron Loop 


Deseription 


This modiile eovers the countercurrent imiltiplier meehanism in the nephron loop of the nephrons. 
First, though, let’s srimmarize a few key things about the nephron loop. It is eomposed of a deseend- 
ing limb (DL) and an aseending limb (AL). Filtrate from the glomemlar capsule flows down the DL 
and up the AL, before entering the distal convoluted tubule (DCT), followed by the eolleeting 
tubule (CT). The DL has a thinner membrane that is permeable to water but not salt, such as 
sodium ions (Na + ) and ehloride ions (Cl“). In eontrast, the membrane of the AL beeomes thieker 
(as indieated by a heavier line in the ilhistration). This thieker portion is impermeable to water and 
eontains protein pumps used to aetively transport Na + and C1 out of the AL and into the extra- 
cellular fluid (ECF). 

Name? Why is it ealled the countercurrent multiplier? The term countercurrent refers to the 
flow of filtrate in opposite direetions in the nephron loop—down the DL and up the AL. The 
term multiplier refers to the faet that it inereases (or multiplies) the salt eoneentration in the 
renal medulla. 

Osmolarity? This is a measure of the amount of dissolved partieles in 1 liter of solution. In living 
systems, smaller units ealled millisosmoles (mOsm) are used. For our purposes, this is a measure 
of the saltiness of the solution. The higher the number, the saltier the sohition, and viee versa. 

Purpose? Notiee from the ilhistration that the ECF deep in the medulla is four times saltier 
than the ECF near the cortex (1,200 mOsm vs. 300 mOsm). The general pmpose of the counten 
current multiplier meehanism is to maintain a eonstant gradient of salt deep within the renal 
medulla. Why? This allows the eolleeting tubule (CT) to reabsorb water via osmosis, thereby 
eoneentrating the urine. 


Analogy 


The salt in your ECF is the same as that in table salt—sodium ehloride (NaCl). In sohition, sodium 
ehloride ionizes into Na + and CD. 

A salt shaker will remind you of this eonneetion to everyday life. 


Meehanism: 
Step by Step 




For the step-by-step proeess of this eyelieal meehanism, refer to #1—#5 in the illustration: 

(J) Salty filtrate (300 mOsm) enters the nephron loop from the proximal convoluted tubule (PCT). 

Because the ECF is saltier than the filtrate, water leaves the deseending limb via osmosis. Then, 
it is reabsorbed into the blood. The saltier the ECF beeomes, the more water is removed from 
the deseending limb. This loss of water makes the filtrate saltier. 

As water leaves the deseending limb, the filtrate beeomes saltier until it reaehes a peak of about 
1,200 mOsm at the bottom of the nephron loop. 

As the salty filtrate moves up the aseending limb, salt (Na + and Cl“) is aetively transported 
into the ECF. The saltier the filtrate, the more salt is pumped out. As this occurs, the filtrate 
beeomes less salty, moving into the DCT at 100 mOsm. 

As salt is eonstantly pumped out of the aseending limb, the saltier the ECF beeomes in the 
renal medulla. 

This ensures that the medulla is always saltier than the cortex. 





Cycle repeats. Go baek to step #1. 
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Countercurrent Multiplier in the Nephron Loop 
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Countercurrent Exchanger ín the Nephron Loop 


Deseription 


This modiile eovers the countercurrent exchanger meehanism in the nephron loop of the nephrons. 
First, let’s go over a few fundamentals: 

Name? Why is it ealled the countercurrent exchanger? The term countercurrent refers to the 
flow of blood in opposite direetions in the vasa reeta—down one side and up the other. The 
term exchanger refers to the faet that water is exchanged for salt along the length of the vasa 
reeta. 

Osmolarity? This is a measure of the amount of dissolved partieles in 1 liter of solution. In living 
systems, smaller units ealled millisosmoles (mOsm) are used. For our purposes, this is a measrire 
of the saltiness of the sohition. The higher the number, the saltier the sohition, and viee versa. 

Purpose? The general purpose of the countercurrent exchanger meehanism is to maintain the 
gradient of salt deep within the renal medrilla that was established by the countercurrent mub 
tiplier meehanism. Without the countercurrent exchanger, the salt would be earried away by 
the blood in the vasa reeta and the gradient would be lost. 



The salt in your extracellular fluid (ECF) is the same as that in table sah—sodirim ehloride. In 
sohition, it ionizes into sodium ions (Na + ) and ehloride ions (Cl“). A salt shaker will remind you of 
this eonneetion. 


Meehanism 



The countercurrent multiplier meehanism (see p. 438) ereated a salt gradient in the extracellular 
fluid (ECF) of the renal mediilla. Flere are the steps: 

@ The gradient allowed water to be reabsorbed from the eolleeting tubule (CT) by osmosis, 
thereby eoneentrating the urine. 

Urea is one of the waste products formed in the nephron tubules. Althoiigh most of the urea 
remains in the tubules, some of it is reeyeled by difhising out of the permeable lower end of the 
CT and into the permeable deseending limb of the nephron loop. Because the thiekened 
portions of the nephron (as indieated by a heavier line) in the aseending limb and DCT are 
impermeable to urea, it ean’t diffuse out of that portion of the tubule. The net result of this 
reeyeling is that urea adds substantially to the total solute eoneentration in the ECF, which 
inereases the ECF’s osmolarity. 

The blood eapillary ealled the vasa reeta is adjaeent to the nephron loop and follows the same 
looping pattern. As mentioned previously, if the salt were to diffiise into the blood in the vasa 
reeta, the salt gradient could be lost. The countercurrent exchanger stops this problem. 

(4) As blood flows downward in the vasa reeta, salt (Na + and Cl“) diffuses into the blood while 
water leaves the blood by osmosis. 

In eontrast, as blood flows upward in the vasa reeta, water in the ECF moves into the blood by 
osmosis while salt diffuses out of the blood. 




In short, the blood earries away more water than salt. The salt is reeyeled in the vasa reeta, so 
most of it remains in the ECF, which stabilizes the salt gradient. 
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(JRINARV SYSTEM—Kidney—$tructure and Function 

Regulatíon of Extracellular Volume: Renin-Angiotensin-Aldosterone (RAA) System 


Deseription 


RAA System: 
Overview 


The renin-angiotensin-aldosterone (RAA) system is one of the body’s meehanisms to deteet falling 
blood pressure (BP) and bring it baek to normal. There are serious consequences for allowing BP to 
drop below normal levels. For example, the kidneys depend on a eonstant, normal BP to filter the 
blood and remove waste products. If the pressure drops too low, renal faihire could result. Not srirpris- 
ingly, the body has numerous meehanisms to deteet falling blood pressure and bring it baek to normal. 

Let’s say you were in a ear aeeident and siiffered a bad laeeration that caused you to lose some blood. 
This reduction in blood volume causes a deerease in BP, which, in turn, sets a easeade of events in 
motion. First, this deerease in BP would be deteeted by juxtaglomerular eells within the kidney, and 
they would respond by seereting the enzyme renin which—through a ehain of events—leads to the 
aetivation of the hormone angiotensin II. This hormone functions to inerease BP in two important 
ways: (1) vasoeonstrietion of blood vessels, and (2) stimulation of the adrenal cortex to seerete 
aldosterone, which inereases blood volume. Aldosterone does this by inereasing reabsorption of 
sodium ions. Because the general rule is that “water follows the salt,” water also is reabsorbed. 


Formation of 
Angiotensin || ; 
Detail 


Fíow does renin lead to the formation of angiotensin II? This proeess actually involves two steps: 
Renin helps eonvert angiotensinogen into angiotensin I 

(2) ACE helps eonvert angiotensin I into angiotensin II. 


As shown in the ilhistration, angiotensinogen is a plasma protein made by the liver. It normally travels 
through the bloodstream without doing much of anything. But when the enzyme renin is released into 
the blood from the kidney, it speeifieally eatalyzes the eonversion of angiotensinogen into a slightly 
different protein ealled angiotensin I. This eonversion involves the cutting off of one part of the 
protein. As angiotensin I travels through the eapillaries of the lung and other tissues, it gets exposed 
to angiotensin-eonverting enzyme (ACE), which eatalyzes the eonversion of angiotensin I into 
angiotensin II. This eonversion also involves cutting off one part of the protein and eompletes the 
proeess. Now angiotensin II is ready to do its important work. 
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Regulatíon of Extracellular Volume: Renin-Angiotensin-Aldosterone (RAA) System 
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REPRODUCTIVE SYSTEMS 


Overvíew of General Structures, Functions 


Deseription 


The male and female reproductive systems are introduced here through means of eomparison. Both 
reproductive systems are derived from the same general tissues and are eomposed of the following 
three general structures: 

Gonads: produce the gametes (sex eells) 

Ducts: transport the gametes to the site of fertilization or outside the body (the “phimbing of 
the reproductive system”) 

Aeeessory glands: add liquid seeretions to the reproductive traet to aet as a lubricant or a 
medium in which the gametes are transported 

For the external genitalia, similar structures between the sexes are: 

Penis and elitoris: both eontain ereetile tissues 

Serotal sae and labial folds 


Comparison 


The table below gives a simplified, not eomprehensive, structural eomparison between male and fe- 
male reprodiietive systems. 


Structure/Product 

Male 

Female 

Gonads (glands that produce gametes) 

Testes 

Ovaries 

Gametes (sex eells) 

Spermatozoa (sperm eells) 

Ova (egg eells) 

Ducts (transport gametes) 

Epididymis, ductus deferens, 
and urethra 

llterine tube 

Aeeessory glands (add liquid 
seeretions to the reproductive traet) 

Seminal vesieles, prostate gland, 
bulbourethral glands 

Greater vestibular glands 


Both sexes have a pair of gonads: in the male, two testes within the serotal sae and, in the female, 
two ovaries in the pelvie eavity. The testes produce sperm eells, while the ovaries produce ova. The 
duct system in the male is longer and more complex than in the female. It eonneets the testes to the 
external urethral orifiee, where sperm eells are released from the body. The female has only one main 
duct—the uterine tube—which eonneets the ovaries to the uterus. If fertilization occurs, the embryo 
implants in the endometrium—the innermost lining of the uterus. 

The three aeeessory glands in the male produce a eolleetive seeretion ealled the seminal fluid. A 
pair of seminal vesieles seerete most of this, the prostate gland adds a milky seeretion, and the 
bulbourethral glands contribute the smallest amount. In the female, the greater vestibular glands 
seerete a mucus that lines the inside of the vagina. 

Both sexes use many of the same hormones to regulate reproductive proeesses. Both use the 
anterior pituitary hormones—follicle-stimulating hormone (FSH) and luteinizing hormone (LH) to 
regulate gonadal aetivity. The details are explained in other modules. In the testes, hormone"producing 
eells ealled interstitial eells seerete the “maseiilinizing” hormone testosterone. During puberty, it 
stirmilates the development of all the seeondary sexual eharaeteristies in the male, such as deepening 
of the voiee, enlargement of the genitals, and distribution of body hair. Similarly, the ovaries produce 
the “feminizing” hormone estrogen, which is responsible for the seeondary sexual eharaeteristies in 
the female, such as enlargement of the breasts, widening of the pelvis, and development of body hair. 
Although it is easy to focus on gender differenees, the similarities are numerous. 
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REPRODUCTIVE SVSTEMS 


Overvíew of General Structures, Functions 




festes 


4 




(Masculinizing 

hormone) 




'i i 11 

\ y, J > » '\ v \> v\ v 



Pituitary 

gland 

Posterior 
lobe 


Anterior 

lobe 


' ) 


Sehematie of a 
Reproductive System 





Aeeessory 

gland 


tH 


o 

-t 

o 

f 

o 


Gonad 


Gamete 


Duct 


(to site of 
fertilization) 


Nipple 


The gonads prodtiee a gamete(s) that 
travels through a duct system to 
the site of fertilization or outside the body. 
Aeeessory glands add seeretions to either 
the duct system or some other part of the 

reproductive traet. 



Adipose 

tissue 


Nipple 




(Feminizing 

hormone) 


Seminal 
vesiele 

Prostate 
gland 

Bulbo- 
urethral 
gland 


Ductus 

deferens 

Epididymis 


Testis 


Llrinary 

bladder 





KEY 
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REPRODUCTIVE SVSTEMS—Male Reproductive System—Structure and Function 


Duct System 




Detailed Pathway 


Simplified Pathway 


1. Lumen of seminiferous tubule 

4 

2. Rete testis 

4 

3. Efferent ductules 

4 

4. Epididymis 

4 

5. Ductus (\/as) deferens 

4 

6. Ampulla of ductus deferens 

4 

7. Ejaculatory duct 

4 

8. Prostatie urethra 

4 

9. Membranous urethra 

4 

10. Penile urethra 

4 

11. External urethral orifiee 


Seminiferous tubule 

4 


Rete Testis 


4 

Efferent ductules 

4 

Epididymis 

4 

Ductus deferens 


4 


Ejaculatory duct 


4 


Llrethra 


Study Tip 


Use this mnemonie for the simplified pathway shown above: 

“Some Really Elderly Elephants Don’t Even Urinate!” 



Key to 1 lldstration 


A. Spermatagoníum 

C. Seeondary spermatoeyte 

E. Spermatozoon (sperm eell) 

B. Prímary spermatoeyte 

D. Spermatid 
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Duct System 


Llreters 


Note: Blaek arrows indieate the 
pathway spermatozoa follow 
through the male duct system. 
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REPRODUCTIVE SVSTEMS—Male Reproductive System—Structure and Function 

Penis—Visualizing the Cross-Section 


Deseription 



The penis, the male sex organ, is eomposed of three tubes of spongy eonneetive tissue: two eorpora 
eavernosa and one corpus spongiosrim. The two eorpora eavernosa eonstitrite the bulk of the penis 
and rest on top of the corpus spongiosiim, which surrounds the urethra. Sexual stimulation causes 
these tubes to fill with blood during a normal ereetion. The corpus spongiosum beeomes the glans at 
its distal end and the bulb of the penis at its proximal end. A loose sleeve of skin ealled the foreskin or 
prepuce normally eovers the glans. This is removed during a surgical procedure ealled a circumcision. 
Eaeh corpus eavernosiim ( plrnal , eorpora eavernosa) beeomes the crus (plmal crura) of the penis at its 
proximal end. These crura are part of an attaehment for the root of the penis to the pubic areh in the 
pelvis. 

In eross-seetion, the penis is like a monkey’s faee. The corpus eavernosa are like the mask around 
the eyes of the monkey’s faee. The eentral arteries are like the eyes. The corpus spongiosum is like 
the area around the mouth and the male urethra is like the monkey’s mouth. 



Key to llliistration 


1. Bulbourethral (Cowper’s 

6. Deep dorsal a. 

12. External urethral orifiee 

glands) glands 

7. Deepfaseia 

13. Tunica albuginea 

2. Membranous urethra 

8. Corpora eavernosa 

14. Superficial faseia 

3. Bulb of penis 

9. Central a. 

15. LJrethra 

4. Crus of penis 

10. Corpus spongiosum 


5. Subcutaneous dorsal v. 

11. Glans 
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Penis—Vísualízing the Cross-Section 
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REPRODUCTIVE SVSTEMS—Male Reproductive System—Structure and Function 




Testes: Productíon of Sperm Cells 


Deseription 


Stages 


Spermatogenesis is the proeess of developing sperm eells in the testes of the male. It begins for the first time 
in piiberty and continues throughout adulthood. The proeess occurs within the walls of the seminiferous 
tubules in the testes and takes about 2 to 2.5 months to eomplete. It begins near the outer portion of the 
seminiferous tubules, proeeeds toward the eenter, and finally ends when the sperm eells are released into the 
lumen of the seminiferous tubules. One of the hormones that regiilates spermatogenesis is testosterone. It is 
seereted by interstitial eells (eells ofLeydig ), loeated between the seminiferous tubules. 

Sustentacular eells (Sertoli eells) eompose the walls of the seminiferous tubules. They physieally support 
and nourish the developing sperm eells (DSCs), eontrol the movement of the DSCs, remove wastes, produce 
the fluid that fills the lumen of the seminiferous tubules, and are involved in other functions. Eaeh susteiv 
tacular eell is joined tightly to another by tight junctions that are like rivets that anehor eell membranes 
together (see p. 62). This tight seal helps maintain the blood testis barrier, which has two speeifie functions. 

1. It proteets developing sperm eells from potentially harmful substances by preventing proteins and 
other large molecules in the blood from eoming in direet eontaet with developing sperm eells. 

2. It prevents the immune system from being exposed to sperm eell antigens not found on any other 
body eells. If this were to occur, the immune system would view sperm eells mistakenly as foreign and 
respond by making anti-sperm antibodies in an effort to destroy the sperm eells. 

This flowchart shows the stages in spermatogenesis: 


Spermatogonium (SG) 
Early spermatids (EST) 


Primary spermatoeyte (PS) —► Seeondary spermatoeyte (SS) 
Late spermatids (LST) —► Sperm eells (S) 


The spermatogonium is a stem eell found in the outer wall of the seminiferous tubules within the testes. 
It undergoes mitosis (eell division) to produce two new eopies of itself. One of these new eells remains in the 
outer wall as a new spermatogonium, and the other differentiates into a slightly larger eell ealled a primary 
spermatoeyte. This eell eontains the total number or diploid (2n) number of ehromosomes found in all 
human body eells—46. 

The primary spermatoeyte enters a speeial proeess ealled meiosis, in which a eell undergoes two eell 
divisions to produce four final eells, eaeh eontaining half the number of ehromosomes as the original eell. 
This half-set of ehromosomes is ealled the haploid (n) number. The only purpose of meiosis is to produce 
gametes (sperm, ova). 

Because the total ehromosome number is reduced by half, meiosis is ealled “reduction division.” The 
primary spermatoeyte divides to produce two seeondary spermatoeytes. Eaeh of these eells eontains a set of 
23 replieated ehromosomes. Eaeh seeondary spermatoeyte then undergoes a seeond eell division to produce a 
two new spermatids. In total, four spermatids are produced, eaeh eontaining the haploid (n) number, or 23 
ehromosomes. Last, the spermatids develop into spermatozoa (sperm eells). 

Spermiogenesis is the last part of the spermatogenesis proeess, in which a spermatid is transformed into a 
sperm eell. Highlights of this metamorphosis are: 

1. Aerosome formation: A sae eovers the head of the sperm eell and eontains the digestive enzymes 
used to penetrate the outer portion of the ova in the fertilization proeess. 

2. Mitoehondrial reproduction: The mitoehondria replieate themselves and cluster together to form a 
tightly eoiled spiral around the neek of the sperm eell. They will be used to supply large amoimts of 
ATP to propel the sperm eell by moving its flagellum. 

3. Flagellum formation: The eentrioles form the microtubules that make up the flagellum. 

The spermatozoon or sperm eell has three main parts: 

1. Head: has a nucleus that eontains the haploid (n) number of ehromosomes (23). 

2. Midpieee: eontains many mitoehondria that produce large amotmts of ATP to fuel the whipping of 
the tail. 

3. Tail ( flagellnm): eontains microtubules and is used to propel the sperm eell. 
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Testes: Productíon of Sperm Cells 
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REPRODUCTIVE SVSTEMS—Male Reproductive System—Structure and Function 

Hormonal Regulation of Sperm Cell Production 


Deseription 

Spermatogenesis, the development of sperm eells, occurs within the seminiferous tubules in the male 
testes. This proeess begins at puberty and continues throughout adult life. The group of hormones 
that regulates this proeess is the same basie set that regulates the ovarian eyele in the female (see 

p. 466). 

Stages 

A step-by-step deseription of this proeess is given below: 

(?) It all begins when the hypothalamus in the brain releases into the blood a peptide ealled 
gonadotropin-releasing hormone (GnRH). In adult males, GnRH is released in regular bursts 
every 60-90 minrites. It travels through the blood to target eells within the anterior lobe of the 
pituitary gland, which has reeeptors for GnRH. 

(2) The binding of GnRH induces a response in these eells which is to make two gonadotropin 
hormones: follicle-stimulating hormone (FSH) and luteinizing hormone (LH). Like any 
hormone, these ehemieal messengers are released into the blood stream and travel to their 
respeetive targets that eontain reeeptors for these hormones. 

(3) In the male, FSH targets the sustentacular eells within the walls of the seminiferous tubules in 
the testes. These eells support and nourish the spermatogenetie eells. The binding of FSH also 
induces these eells to seerete two proteins: androgen-binding protein (ABP) and inhibin. 

(?) At the same time, LH binds to reeeptors on the interstitial eells, loeated between the seminiferous 
tubules. After binding, LH induces these eells to produce the hormone testosterone, which has 
many different targets. It is responsible for producing the seeondary sex eharaeteristies in the 
male (deepening of voiee, enlargement of the genitals, growth of body hair, among other 
things). In this ease, the testosterone binds to the protein ABP to form a complex. Onee 
formed, this complex induces the spermatogenie eells to develop into sperm eells. The newly 
developed sperm eells are released into the lumen of the seminiferous tubule, where they travel 
through the male duct system until they are released from the body through the external orifiee 
of the penis. 

(5) Negative feedbaek is used to shut down the pitiiitary gland. As the levels of testosterone rise, 
they inhibit the hypothalamus and the pituitary gland. The result is that production of GnRH 
eeases, which, in turn, leads to no production of either FSH or LH. This inhibition is enhaneed 
by production of the hormone inhibin by the sustentacular eells. It has the same effeet on the 
hypothalamus and pituitary as did testosterone. Onee the testosterone and inhibin levels fall, 
inhibition is lost and the eyele begins again. In the adult male, this eyele results in a steady level 
of testosterone production that fluctuates within a normal range. 
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Hormonal Regulation of Sperm Cell Production 
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REPRODUCTIVE SVSTEMS—Female Reproductiue System—$tructure and Function 

External Genitalia 


Deseription 


The female external genitalia (vulva) are illustrated on the faeing page. Please understand that this 
is an idealized rendering and does not aeeormt for the many variations of normal. In the developing 
embryo, the external genitalia of males and females appear very similar. Then they differentiate 
over a period of about 8 weeks. The table will point out homologons structures —features that are 
structurally similar between male and female genitalia. 


Structure 

Deseription 

1. Mons pubís 

A relatively large mound of skin and fatty tissue loeated anterior to the pubic symphysis. 
It’s eovered with pubic hair in adult females 

2. Prepuce of elitoris 

A hood-like structural extension of the labia minora that eovers the glans of the elitoris. 
This is homologous to the male prepuce (foreskin). 

3. Glans of elitoris 

The tip of the elitoris that eontains many sensory nerve endings for sexual pleasure in 
the female. This is homologous to the glans of the penis. The elitoris is a small, ereetile 
body that engorges with blood during sexual excitation. 

4. LJrethral orifiee 
(opening) 

Opening from the urethra loeated between the glands of the elitoris and the vaginal 
opening. The urethra is a narrow tube that eonneets the urinary bladder to outside 
of the body. Urine eolleets in the urinary bladder, passes through the urethra, and is 
expelled from the body 

5. Labia minora 
(“smaller lips”) 

Smaller, hairless folds loeated inside the larger labia majora that may have inereased 
pigmentation due to the abundance of melanoeytes. They are homologous to the 
ventral shaft of the penis. 

6. Vestibule 

The spaee between the labia minora that eontains the urethral opening, the vaginal 
orifiee, and openings to the greater vestibular glands. 

7. Vaginal orifiee 
(opening) 

The opening into the vagina. The vagina is a thiek, muscular tube that eonneets the 
uterus to outside the body. It aets as the organ to reeeive the penis during sexual 
intercourse. It also functions as the birth eanal and passageway for menstruation. 

8. Openings for the 
greater vestibular 
glands 

The openings that lead to the pair of greater vestibular glands. During sexual arousal, 
these glands produce a seeretion that serves as a vaginal lubricant. Seeretion inereases 
during sexual intercourse. These glands are homologous to the bulbourethral glands in 
males. 

9. Labia majora 
(“larger lips”) 

Thiek, protruding folds of fatty skin that are homologous to the male scrotum. 

Outer margins are eovered with eoarse pubic hair in the adult female. 
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External Genitalia 
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REPRODUCTIVE SVSTEMS—Female Reproductiue System—$tructure and Function 

Midsagittal View 


Deseription 


The midsagittal view of the female reproductive system allows you to see its relationship to other 
organs/stmetrires in the body. For example, notiee that the uterus is superior to the urinary bladder 
and anterior to the rectum. Moreover, it allows you to see structures in their full length like the 
elitoris and the vagina. It also helps ilhistrate how structures eonneet one structure to another such 
as the vagina eonneeting the uterus to oiitside the body. 

A deseription of eaeh of the structures numbered in the illustration is given in the table below. 


Structure 

Deseription 

1. Fimbriae of the uterine tube 

The finger-like extensions of the uterine tube nearest the ovary 

2. LJterine tube (fallopian tube, 
oviduct) 

The hollow, muscular tubes that eonneet the ovaries to the uterus; the 
site of fertilization 

3. Ovary 

The female gonad that produces an ovum or egg eell; two ovaries are 
suspended in the pelvie eavity, one on eaeh side of the uterus 

4. Perimetrium 

The serous membrane that extends from the peritoneal lining that eovers 
most of the outside of the uterus 

5. Myometrium 

The thiek, muscular layer that forms the wall of the uterus 

6. Endometrium 

The innermost, glandular layer of the uterus; site where the developing 
embryo implants 

7. Cervix 

A neek-like structure at the inferior portion of the uterus that projeets into the 
vagina 

8. Mons pubis 

A relatively large mound of skin and fatty tissue loeated anterior to the pubic 
symphysis; eovered with pubic hair in adult females. 

9. Oitoris 

A small, ereetile body that engorges with blood during sexual excitation. 

10. Labia minora (“smaller lips”) 

Smaller, hairless folds loeated inside the larger labia majora that may 
have inereased pigmentation due to the abundance of melanoeytes; 
homologous to the ventral shaft of the penis. 

11. Labia majora (“larger lips”) 

Thiek, protruding folds of fatty skin that are homologous to the male scrotum. 
Outer margins are eovered with eoarse pubic hair in the adult female. 

12. Vagina 

A thiek muscular tube that eonneets the uterus to outside the body; 

aets as the organ to reeeive the penis during sexual intercourse and also func- 

tions as the birth eanal and the passageway for menstmation. 
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Midsagittal View 
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REPRODUCTIVE SVSTEMS—Female Reproductiue System—$tructure and Function 

Internal Structures 


Deseription 


The uterus ( ivomb ) is a hollow, muscular organ divided into three regional areas: fundus, body, and 
cervix. The fundus is the most superior portion of the uterus, the main portion is ealled the body, and 
the narrowed, neek-like portion that extends into the vagina is ealled the cervix. The wall of the uterus 
is made of three layers, from innermost to outermost, and are as follows: endometririm, myometririm, 
and perimetriiim. The endometrhim, or mucosal lining, is made of simple columnar epitheliiim and an 
underlying vascular eonneetive tissue. This entire layer thiekens during a normal menstriial eyele in 
preparation for the implantation of an embryo. If no implantation occurs, this layer is sloughed off at 
the end of the menstmal eyele. The thiek middle layer, the myometrium, is made of multiple layers of 
smooth muscle. The myometrium is hormonally stimulated to eontraet during ehildbirth to help move 
the baby out of the uterus. The oritermost layer, the fibrous eonneetive perimetrium, is the same as the 
viseeral peritoneum. 

The vagina is a thiek, muscular tube that extends from the cervix to outside the body. It is lined 
with stratified squamous epithelium. The penis enters this passageway during sexual intercourse. 

The small, lumpy ovaries are loosely held in plaee within the abdomen by various eonneetive tissue 
ligaments. The ovarian ligament anehors the medial side of eaeh ovary to the lateral side of the uterus, 
the suspensory ligament anehors the ovaries to the pelvie wall, and the wide, flat, broad ligament 
extends like a tarp over the uterus and ovaries and eradles the vagina, uterus, and uterine tubes. 

The uterine tubes (eonsisting of the Fallopian tubes and ovidnets) serve to transport a female gamete 
(egg eell; ova) from the ovary to the uterus. The proximal end (near the uterus) is a long, narrow tube 
ealled the isthmus. The distal end widens and curves arormd the ovary to form the ampulla. The 
amprilla beeomes the funnel-shaped infundibulum, which has fingerlike extensions ealled fimbriae. 



Key to llliistration 


Uterus 

Vagina (V) 

Ovary (0) 

1. Fundus of uterus 

Blood Vessels (B) 

Uterine Tubes (U) 

2. Body of uterus 

B1. Ovarian artery 

U1. Ampulla 

3. Cervix 

B2. Ovarian vein 

U2. Isthmus 

4. Lumen of uterus 

5. Endometríum 

6. Myometrium 

7. Perimetrium 

8. Internal os 

9. Cervical eanal 

Ligaments (L) 

L1. Round ligament 

L2. Suspensory ligament 

L3. Ovarian ligament 

L4. Broad ligament 

U3. Infundibulum 

U4. Fimbriae 

10. External os 
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Internal Structures 
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Ovaríes: Productíon of Ova 


Deseription 


Meiosis 


Folliele 

Maturation 


Oogenesis is the proeess of developing ova (egg eells) within the ovaries of the female. Unlike sperm 
production in the male, this proeess begins during fetal development instead of at puberty. It involves 
two proeesses occurring together: meiosis and folliele maturation. 

Imagine putting a marble in a balloon and then filling that balloon with water. In this analogy, 
the marble is the eell that has to go through meiosis to produce an ovum and the water balloon is like 
the folliele that has to grow and develop by filling itself with fluid. It is important to remember that 
both of these proeesses occur together. In other words, meiosis occurs inside the maturing follieles. 
Let’s eonsider eaeh proeess separately. 


This flowchart shows the stages of meiosis to produce an ovum within a folliele: 


Oogoníum (OG) —► Primary ooeyte (PO) 
Seeondary ooeyte (SO) —► Zygote (if fertilized) 


Meiosis is a speeial type of eell division used solely to produce gametes ( sperm , ova). It is ealled 
“reduction division” because during this proeess a eell undergoes two eell divisions to produce four 
final eells that eaeh eontain half the niimber of ehromosomes as the original eell. This halTset of 
ehromosomes, ealled the haploid (n) number, and is equal to 23 ehromosomes in humans. 

The oogonium (OG) is a stem eell that eontains the full set of ehromosomes ealled the diploid 
(2n) number, or 46 (2 X n or 2 X 23). It is found in the outer region of the ovaries and undergoes 
mitosis (eell division) during fetal development to produce millions of eloned eopies of itself. Most of 
these are degenerated, but some are stimulated to grow into a slightly larger eell ealled a primary 
ooeyte (PO). Though they begin their first eell division of meiosis (meiosis I) in fetal development, 
they do not eomplete it. 

At birth, about 400,000 to 4,000,000 oogonia (sing., oogonium) and POs remain in both ovaries. 
By puberty, about 40,000 remain and the meiosis proeess is now strietly regulated by hormones. At this 
time, one PO is triggered to eomplete its first eell division of meiosis (meiosis I) every month. This eell 
division resrilts in the formation of two unequally sized eells—a large, viable seeondary ooeyte (SO) 
and a small, nonfunctional eell ealled a polar body. The SO eontains 23 replieated ehromosomes. It 
will undergo its seeond eell division (meiosis II) only if it is fertilized by a sperm eell. If this occurs, the 
result is two new eells: a fertilized egg ealled a zygote and a small, nonfunctional polar body. 


This flowchart shows the stages in folliele maturation: 

Primordial folliele —► Primary folliele —► Seeondary folliele —► Tertiary folliele 

Folliele maturation is like a water balloon filling with water until it bursts. The primitive pri- 
mordial follieles are loeated in the outer region of the ovaries. They eonsist of a primary ooeyte sun 
rounded by a single layer of follicular eells. During the fetal stage, the primordial follieles are 
transformed into primary follieles by gradually thiekening the folliele wall with multiple layers of 
eells around the primary ooeyte. 

As maturation continues, eells in the wall of the folliele, ealled granulosa eells, begin to seerete 
follicular fluid, which fills a potential spaee ealled the antrum. This marks the formation of the 
seeondary follieles during adulthood. Like the expansion of a water balloon filling with flriid, the 
seeondary folliele inereases in size to beeome a tertiary folliele (Graafian folliele; matme folliele; vesicuìar 
folliele). At the same time, the primary ooeyte has undergone its first meiotie division and produced a 
seeondary ooeyte and first polar body. 

The tertiary folliele soon ruptures because of a hormonal surge and releases the seeondary ooeyte 
from the ovary in an event ealled ovulation. Last, the damaged folliele forms a temporary gland 
ealled a corpus luteum, which produces the hormones progesterone and estrogen. 
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Ovaries: Production of Ova 
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REPRODUCTIVE SVSTEMS—Female Reproductiue System—$tructure and Function 

Ovaríes and the Ovarian Oyele 


Deseription 


The female has two lumpy oval-shaped structures ealled ovaries, eaeh measuring about 5 em. in 
length. Blood is broiight to the ovary by an ovarian artery and is drained by an ovarian vein. The 
siirfaee of the ovary is eovered by a simple cuboidal epithelial layer ealled the germinal epithelium. 
The two regional areas are the outer cortex and the inner medulla. Production of gametes (sex eells) 
occurs in the cortex. 

Ideally, the ovaries in a sexually mature female alternate to produce one ovum eaeh month. The 
speeifie proeess for developing an ovum (egg eell) is ealled oogenesis. This is a part of the ovarian 
eyele, which refers to all the proeesses that occur in the ovary during this monthly event. 

The ova are produced in speeial ehambers ealled follieles. The proeess begins when a hormone 
stimulates an immatrire folliele ealled a primordial folliele to begin to mature. The wall of the folliele 
thiekens and eells within it begin to produce a fliiid ealled follicular fluid, which fills a spaee ealled 
the antrum. As the folliele expands, it goes through the following progression: 

Primordial folliele —► Primary folliele —► Seeondary folliele —► Tertiary folliele 

Onee a tertiary folliele has been formed, a hormonal surge causes it to rupture and an ovum is 
released in an event ealled ovulation. The speeifie name for this ovum is a seeondary ooeyte. The 
broken tissue within the tertiary folliele thiekens and beeomes a temporary endoerine gland ealled a 
corpus luteum, which produces a mixture of estrogens and progestins. Gradually the corpus luteum 
shrinks and degrades into a small mass of sear tissue ealled the corpus albieans. 



The maturation of a folliele in the ovary is eompared to a water balloon filling with water. As 
follicular fluid accumulates inside the antmm, it inereases pressure just like water inside the water 
balloon. When the pressure beeomes too great, the folliele ruptures at the moment of ovulation just 
like the bursting of the water balloon. 


Loeation 


Ovaries are loeated along the lateral edges of the pelvie eavity. 


Function 


The ovaries have two basie functions: 

1. Produce gametes (sex eells) 

2. Manufacture and release hormones 

Follieles (primary, seeondary, and tertiary) —» estrogen 
Corpus luteum —» estrogen, progesterone 



Key to lllustration 

1. Primary folliele 

5. Early corpus luteum (still forming) 

2. Seeondary folliele 

6. Corpus luteum 

3. Tertiary folliele 

7. Corpus albieans 

4. Oviilation 
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Ovaries and the Ovarian Oyele 
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REPRODUCTIVE SVSTEMS—Female Re|»roductive System—$tructure and Function 


Hormonal Regulation of the Ovarían Oyele 


Deseription 


The ovarian eyele refers the regular, monthly events that occur within the ovary of a sexually aetive 
female. The group of hormones that regrilates this proeess is the same basie set that regulates 
spermatogenesis in the male (see p. 454). A stepTy-step deseription of this proeess is given below: 


© 




It all begins when the hypothalamus in the brain releases into the blood a peptide ealled 
gonadotropin-releasing hormone (GnRH). It travels through the blood to target eells within 
the anterior lobe of the pituitary gland because they have reeeptors for GnRH. Unlike in the 
male, GnRH is not released in regular pulses. Instead, the amount released fluctuates in the 
female. 

The binding of GnRH induces a response in these eells to make two gonadotropin hormones: 
follicle-stimulating hormone (FSH) and luteinizing hormone (LH). Like any hormone, these 
ehemieal messengers are released into the bloodstream and travel to their respeetive targets, 
which eontain reeeptors for these hormones. In the female, FSH targets the follieles within the 
ovary. The binding of FSH induces these follieles to mature and inerease in size as a result of the 
production of a fluid ealled follieiilar fluid. As the fluid accumulates within a ehamber ealled 
the antmrn, it inereases fluid pressure within the folliele. Meanwhile, LH causes the follieles to 
produce estrogen. 

These initial lower levels of estrogen inhibit the anterior pituitary from releasing any hormones 
while stimnbting it to produce mostly LH and some FSH within the eells of the anterior lobe. It 
is similar to stepping on the gas pedal of a ear plaeed in neutral. Though you may be revving the 
engine, the ear is not moving. Similarly, though the eells may be aetively producing gonado' 
tropins, they are not releasing any yet. 

As the tertiary ( Graafian, vesienlar) folliele is established, it produces more estrogen. These 
higher levels have the opposite effeet of the initial lower levels: they stimnlate the anterior lobe 
to release its accumulated LH (and some FSH) in one big surge. 

This U to 2-day spike in LH levels in the blood triggers many events: First, it stimiilates forma- 
tion of the seeondary ooeyte within the tertiary folliele. 

LH triggers rupturing of the tertiary folliele and release of the seeondary ooeyte in an event 
ealled ovulation. Estrogen levels fall slightly after ovulation because of damage to the tertiary 
folliele. 

(7) The LH surge also ehanges the damaged folliele into a corpus luteum, which functions as a 
temporary endoerine gland, producing estrogen, progesterone, and inhibin. 

Working together, when these three hormones reaeh a eritieal level, they serve to inhibit the 
hypothalamiis and pituitary gland. This results in no release of GnRH, which translates into no 
release of FSH or LH. As a result, the corpus luteum shrinks to beeome a small, inaetive mass 
of sear tissue, ealled the corpus albieans. With the loss of the corpus luteum, the estrogen, 
progesterone, and inhibin levels fall. As a result, inhibition is lost and the hypothalamus again 
begins to release GnRH to start another ovarian eyele. 
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Hormonal Regulation of the Ovarian Oyele 
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REPRODUCTIVE SVSTEMS—Female Reproductiue System—$tructure and Function 

Ovaríes: Regulation of the Ovarían and LJterine Oyeles 


Deseription 


Ovarian Cycle 


(Jterine Cycle 


In a sexually mature female, a predietable series of ehanges occurs every month within the ovaries and the 
uterus. These proeesses are referred to separately as the ovarian eyele and the uterine eyele (or menstmal 
eyele) and are regulated by speeifie hormones. These proeesses are linked by a series of easeading events. 
Here is an overview: 

Hypothalamiis —► GnRH pituitary gland —► FSH, LH —► 
ovary —► estrogen, progesterone —► uterus 

It all begins when the hypothalaimis in the brain releases a peptide into the blood, ealled Gonado- 
tropin-releasing hormone (GnRH). It travels through the blood to target eells within the anterior lobe of 
the pituitary gland because they have reeeptors for GnRH. The binding of GnRH to its reeeptor induces 
a response in these eells to make the hormones follicle-stimulating hormone (FSH) and leuteinizing 
hormone (LH). Like any hormone, these ehemieal messengers are released into the bloodstream and 
travel to their respeetive targets. Target sites ahvays eontain reeeptors for these hormones. 

The ovarian eyele refers to all the ehanges that occur within the ovary. Ideally, the ovaries in a sexually 
mature female alternate to produce one ovum eaeh month. The proeess for developing an ovum (egg eell) is 
ealled oogenesis. This is a part of the ovarian eyele, which refers to all the proeesses within the ovary 
during this monthly event. The ova are produced in speeial ehambers ealled follieles. The proeess begins 
when FSH stirmilates a primary folliele to begin to matiire. The wall of the folliele thiekens, and eells 
within it begin to produce a fluid ealled follicular fluid, which fills a spaee ealled the antrum. As the 
folliele expands, it goes through the following progression: 

Primary folliele —► Seeondary folliele —► Tertiary folliele 

Onee a tertiary ( Graafian , vesicular; mature) folliele has been formed, a hormonal surge in LH, lasting 
aborit 1 to 2 days causes it to rupture, and an oviim is released in an event ealled ovulation. The speeifie name 
for this ovum is a seeondary ooeyte. The broken tissue within the tertiary folliele thiekens and beeomes a 
temporary endoerine gland ealled a corpus luteum, which produces a mixture of estrogens and progestins. 
Gradually the corpus luteum shrinks and degrades into a small mass of sear tissue ealled the corpus albieans. 


The uterine eyele refers to ehanges within the endometrium, the innermost lining of the uterus. The 
endometriiim is subdivided into two layers—the functional zone, which lines the lumen of the uterine 
eavity, and the basal zone, which lies beneath it. The entire eyele averages about 28 days. This eyele is 
divided into three phases: the menstmal phase, the proliferative phase, and the seeretory phase. 


1. The menstmal phase (day 1 to day 7). During this phase, blood flow to the endometrium is 
reduced, which starves the tissues in the functional zone of their oxygen and other nutrients. As a 
result, these tissues deteriorate. When they break away from the uterine lining, it causes some 
blood loss. The sloughing off of these tissues and the assoeiated blood, ealled menstmation, lasts 1 
to 7 days. During menstmation the basal zone remains intaet. 

2. The proliferative phase (day 7 to day 13). Estrogens induce all the ehanges throughout this phase. 
The major event is to reestablish the functional zone that was lost during menstmation. Epithelial 
tissues and blood vessels grow baek into the functional zone. Endometrial glands appear, which 
produce a mucus eontaining glyeogen. 

3. The seeretory phase (days 15-28). This last and longest phase eovers about 14 days. The tissties 
within the functional zone thieken and inerease in vascularization, while endometrial glands en- 
large and produce more mucus. The eombination of estrogen and progesterone working together 
are responsible for these ehanges. The purpose of this thiekening of the endometrium is to prepare 
for possible implantation of a human embryo into the functional layer of the endometrium. The 
glyeogen in the mucus from the endometrial glands will serve to nourish the developing embryo. If 
no implantation occurs, both the ovarian and uterine eyeles begin onee again with release of 
GnRH from the pimitary gland. 
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Ovaries: Regulation of the Ovarian and llterine Oyeles 
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REPRODUCTIVE SVSTEMS—Female—Human Growth and Development 

Preembryonie Development: Zygote to Blastoeyst 


Deseription 


Eaeh of us began as a single eell—a fertilized egg ealled a zygote. Through numerous eell divisions, this 
single eell gave rise to many more eells. This eventually leads to the establishment of an embryo and then 
a fetus. The first stage of human development occurs over about 6 days and is referred to as preembryonie 
development. It begins at eoneeption when a sperm eell fertilizes an egg eell and ends when a blastoeyst 
implants itself into the mother’s uterus. Eaeh stage of preembryonie development is deseribed in the table 
below. 


Structure 

Deseription 

1. Zygote 

(zygotos = union) 

The result of a single sperm eell fertilizing an ooeyte. This occurs in the uterine 
tube near the ovary and marks the beginning of a genetieally unique organism 

2. 2-eell stage 

The zygote’s first eell division resulting in two identieal eells. This occurs about 
one and a half days after fertilization. 

3. 4-eell stage 

The seeond eell division ereating a total of four identieal eells. This occurs about 

2 days after fertilization. 

4. Mornla 

(moros = mulberry) 

A solid ball of eells; this structure is formed about 3 days after fertilization. 

5. Blastoeyst 

(blastos = germ, 
kystis = bag) 

A hollow sphere of eells with a fluid-filled eentral eavity. It first forms about 4 days 
after fertilization and eontains two different groups of eells: the trophoblast and 
the inner eell mass. The flat trophoblast eells form the outer shell of the blastoeyst 
and will beeome part of the plaeenta. The inner eell mass will eventually develop into 
the embryo. The blastoeyst travels through the uterine eavity and implants into the 
endometrium—the innermost lining of the uterus. This implantation event begins 
about 6 days after fertilization. 
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Preembryoníe Development: Zygote to Blastoeyst 
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REPRODUCTIVE SVSTEMS—Female—Human Growth and Development 

Pregnaney 


Deseription 


The illustration on the faeing page shows a woman 9 months pregnant with a fulhterm fetus. Many 
of the anatomieal ehanges that occur during pregnaney ean be seen in the ilhistration. For example, 
the normally fist-sized uterus has expanded to an enormoris size filling most of the abdominal eavity. 
Notiee how it eompresses the urinary bladder resrdting in inereased frequency of urination. This 
uterine expansion also pushes the abdominal organs and diaphragm upward. This, in turn, causes 
pressure on the stomaeh often resulting in heartburn. Another result of the swollen abdomen is 
lordosis—an inereased curvature of the lumbar vertebrae. This causes baekaehes. Hormonal stimu- 
lation causes enlargement of the breasts. Around the nipple, the areola often inereases in size and 
darkens in eolor. The pubic symphysis widens and inereases flexibility in preparation for birth. 

Here are some other anatomieal ehanges that eannot be viewed in the illustration: 

Heart enlarges—this leads to an inerease in eardiae output to support the growing fetus 
Weight gain—a woman ean gain as much as 30 lbs. 

Vagina ehanges—inereased elastieity and vascularity in preparation for serving as the birth 
eanal 


Let’s examine the fulhterm fetus. It floats in the amniotie sae which is filled with amniotie 
fluid. This liquid serves as a proteetive cushion and also regulates fetal body temperature. When a 
pregnant woman says her “wciter breaks ” it refers to the rupturing of the amniotie sae, followed by a 
flow of amniotie fluid out of the body. This often occurs prior to ehildbirth. Exchange of nutrients 
and wastes between mother and fetus occurs at a structure ealled the plaeenta. Linking the fetus to 
the plaeenta is a eable-like structure ealled the umbilical eord. It eontains the umbilical arteries and 
vein. Following birth, the plaeenta detaehes from the uterus and is expelled from the body. This is 
ealled the afterbirth. 
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Pregnaney 
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Glossary of Prefixes and Suffixes 


Element 

Definition and Example 

a- 

absent, defieient or without: atro' 
phy 

ab' 

off, away from: abduct 

abdomin' 

abdomen 

'able 

eapable of: viable 

ac' 

toward, to: aetin 

acou' 

hear, acoustic 

ad' 

denoting to, toward: adduct 

af' 

movement toward a eentral point: 
afferent artery 

alba' 

pale or white: linea alba 

-alg 

pain: neiiralgia 

ambi' 

both: ambidextrous 

angi' 

pertaining to vessel: angiogram 

ante' 

before: antebraehiiim 

anti' 

against: antieoagiilant 

aqua' 

water: aqueous 

arehi' 

to be first: areheteron 

arthri' 

joint: arthritis 

'asis 

eondition or state of: homeostasis 

aud' 

pertaining to ear: auditory 

autO' 

self: autolysis 

bi' 

two: bieeps 

biO' 

life: biology 

blast' 

generative or germ bud: osteoblast 

braehi' 

arm: braehialis 

braehy' 

short: braehydont 

brady' 

slow: bradyeardia 

bucc' 

eheek: buccal eavity 

eae' 

bad, ill: cachexia 

ealei' 

stone: ealeifieation 

eapit' 

head: eapitate 

eareiiv 

eaneer: eareinogenie 

eardi' 

heart: eardiae 

caud' 

tail: cauda equina 

eata' 

lower, under, against: eatabolism 

'Coel 

swelling, and enlarged spaee or 
eavity: blastoeoele 

eephab 

head: eephalis 


Element Definition and Example 


eerebro' 

brain: eerebrospinal fluid 

ehoh 

bile: eholie 

ehondv 

eartilage: ehondroeyte 

ehrom' 

eolor: ehromosome 

'eid(e) 

destroy: germieide 

eireiim' 

aroiind: circumduct 

'CÌS 

cut, kill: excision 

CO' 

together: eopiilation 

eoeh 

hollow eavity: eoelom 

eon' 

with, together: eongenital 

eontra' 

against, opposite: eontraeeption 

eorn' 

denoting hardness: eornified 

eorp' 

body: corpus 

erypt' 

hidden: eryptorehism 

eyan' 

blue eolor: eyanosis 

eysti' 

sae or bladder: eystoseope 

eytO' 

eell: eytology 

de' 

down, from: deseent 

derni' 

skin: dermatology 

di' 

two: diarthrotie 

diph 

double: diploid 

diS' 

apart, away from: disartieiilate 

duct' 

lead, conduct: ductus deferens 

duv 

hard: dura mater 

'dynia 

pain 

dyS' 

bad, difficult, painful: dysentery 

e' 

out, from: eeerine 

eetO' 

outside, outer, external: eetoderm 

'eetomy 

surgical removal: tonsilleetomy 

ede' 

swelling: edema 

'emia 

pertaining to a eondition of the 
blood: lipemia 

end' 

within: endoderm 

entero' 

intestine: enteritis 

epi' 

upon, in addition: epidermis 

erythro' 

red: erythroeyte 

ex' 

out of: excise 

exO' 

outside: exocrine 


Element Definition and Example 


extra' 

outside of, beyond, in addition: 
extracellular 

fasei' 

band: faseia 

febv 

fever: febrile 

'ferent 

bear, earry: efferent arteriole 

fÌSS' 

split: fissure 

fov 

opening: foramen 

'form 

shape: fusiform 

gastro' 

stomaeh: gastrointestinal 

'gen 

an agent that produces or 
originates: pathogen 

'genie 

produced from, prodiieing: 
eareinogenie 

gloSS' 

tongue: glossopharyngeal 

glyeo- 

sugar: glyeogen 

'gram 

a reeord, reeording: myogram 

gran' 

grain, partiele: agranulocyte 

'graph 

instmment for reeording: 
eleetroeardiograph 

grav' 

heavy: gravid 

gyiv 

female sex: gynoeology 

hema(o)' 

blood: hematology 

haplo' 

simple or single: haploid 

hemi' 

half: hemisphere 

hepat' 

liver: hepatie portal 

hetero' 

other, different: heterosexual 

histO' 

tissue: histology 

holo' 

whole, entire: holoerine 

homo' 

same, alike: homologous 

hydro' 

water: hydrophilie 

hypev 

beyond, above, excessive: 
hypertension 

hypo' 

under, below: hypoglyeemia 

'ia 

state or eondition: hypoglyeemia 

'iatries 

medieal speeialties: pediatries 

idio' 

self, separate, distinet: idiopathie 

iliO' 

ilium: iliosaeral 

infra' 

beneath: infraspinatus 
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Element 

Definition and Example 

inter- 

among, between: intereelhilar 

intra- 

inside, within: intraeelliilar 

'ion 

proeess: aeromion 

ÌSO' 

equal, like: isotonie 

'ism 

eondition or state: rheumatism 

'itis 

inflammation: meningitis 

labi' 

lip: labium majora 

laeri' 

tears: laerimal 

laten 

side: lateral 

leuC' 

white: leucocyte 

lip' 

fat: lipid 

'logy 

seienee of: eytology 

'lysis 

solution, dissolve: hemolysis 

maero' 

large, great: maerophage 

mal' 

bad, abnormal, disorder: malignant 

medi' 

middle: medial 

mega' 

great, large: megakaryoeyte 

meso' 

middle or moderate: mesoderm 

meta' 

after, beyond: metatarsal 

miero' 

small: mieroseope 

mitO' 

thread: mitosis 

mono' 

alone, one, single: monoeyte 

mons' 

morintain: mons pubis 

morph' 

form, shape: morphology 

multi' 

many, much: multicellular 

myO' 

muscle: myofibril 

nare' 

niimbness, stupor: nareotie 

neo' 

new, young: neonatal 

neero' 

eorpse, dead: neerosis 

nephro' 

kidney: nephron 

neurO' 

nerve: neurolemma 

notO' 

baek: notoehord 

ob' 

against, toward, in front of: 
obtiirator 

OC' 

against: oeehision 

'Oid 

resembling, likeness: sigmoid 

oligO' 

few, small: oligodendroeyte 

'Oma 

tumor: lymphoma 

OO' 

egg: ooeyte 

on 

mouth: oral 

orehi' 

testieles: eryptorehidism 

'Ory 

pertaining to: sensory 

osteo' 

bone: osteoeyte 

'Ose 

full of: adipose 

oto 

ear: otolith 

OVO' 

egg: ovum 


Element Definition and Example 


para' 

give birth to, bear: parturition 

para' 

near, beyond, beside: paranasal 

path' 

disease, that which undergoes 
siekness: pathology 

'pathy 

abnormality, disease: neuropathy 

ped' 

ehildren: pediatrieian 

peii' 

need, laek: penieillin 

'penia 

defieieney: thromboeytopenia 

pen 

through: percutaneous 

peri' 

near, around: pericardium 

phag' 

to eat: phagoeyte 

'phil 

have an affinity for: neutrophil 

phlebo' 

vein: phlebitis 

'phobe 

abnormal fear, dread: hydrophobe 

'plasty 

reeonstmetion of: rhinoplasty 

platy' 

flat, side: platysma 

'plegia 

stroke, paralysis: paraplegia 

'pnea 

to breathe: apnea 

pnerimatO' 

breathing: pneumonia 

pod' 

foot: podiatry 

'poieis 

formation of: hematopoiesis 

poly' 

many, much: polyploid 

pOSt' 

after, behind: postnatal 

pre' 

before in time or plaee: prenatal 

priiH' 

first: primitive 

pro' 

before in time or plaee: proseet 

proet' 

anus: proetology 

pseudo' 

false: pseudostratified 

psyeho' 

mental: psyehology 

py°' 

pus: pyoculture 

quad' 

fotirfold: quadriceps femoris 

re' 

baek, again: repolarization 

reet' 

straight: rectus abdominis 

reno' 

kidney: renal 

rete' 

network: retina 

retro' 

backward: retroperitoneal 

rhin' 

nose: rhinitis 

'rrhage 

excessive flow: hemorrhage 

'rrhea 

flow, or diseharge: diarrhea 

sangLiiii' 

blood: sangtiiferoLis 

sare' 

flesh: sareoplasm 

'seope 

instmment for examination of a 
part: stethoseope 

'seet 

cut: disseet 

semi' 

half: semilunar 

serrate' 

saw'edged: serratus anterior 

'SÌS 

state or eondition: dialysis 

steno' 

narrow: stenohaline 


Element Definition and Example 


'Stomy 

surgical opening: traeheotomy 

sub' 

under, beneath, below: 
subcutaneous 

supef' 

above, beyond, upper: superficial 

supra' 

above, over: suprarenal 

syn (sym) 

together, joined, with: synapse 

taehy' 

swift, rapid: taehometer 

tele' 

far: teleneephalon 

tens' 

streteh: tensor faseia latae 

tetra' 

four: tetrad 

therm' 

heat: thermogram 

thorae' 

ehest: thoraeie eavity 

thrombo' 

lump, elot: thromboeyte 

'tomy 

cut: appendeetomy 

tOX' 

poison: toxic 

traet' 

draw, drag: traetion 

trans' 

aeross, over: transhise 

tri' 

three: trigone 

trieh' 

hair: triehology 

'trophy 

a state relating to nutrition: 
hypertrophy 

'tropie 

trirning toward, ehanging: 
gonadotropie 

ultra' 

beyond, excess: ultrasonic 

uni' 

one: unicellular 

urO' 

urine, urinary organs or traet: 
uroscope 

'uria 

urine: polyuria 

vas' 

vessel: vasoeonstrietion 

vermi' 

worm: vermiform 

viseen 

organ: viseeral 

VÌt' 

life: vitamin 

ZOO' 

animal: zoology 

zygO' 

tinion, join: zygote 
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A 

abdomen (AB'dolvmen) The region between the diaphragm 
and the pelvis. 

absorption (ah-ZORP'shun) The passage of gases, liquids, or 
solutes throtigh a membrane. 

aeetyleholine (ACh) (ass-ee^tihKOH-leen) A neurotransmitter 
seereted by various neurons into synapses; may have an excitatory 
effeet (neuromuscular junction of skeletal ìmiseles) or an inhibi" 
tory effeet (neuromuscular junction of eardiae muscle tissue). 

aeetyleholinesterase (AChase) (asS'ee'tihkoe-lin"ESS"ter-'ase) 
An enzyme that rapidly inaetivates the aeetyleholine bound to 
postsynaptie reeeptors. 

aeidie (ah"SID-ik) Deserihes a solution in which the pH is less 
than 7; having a relatively high eoneentration of hydrogen ions. 

aeromial (ah"KROH"inee"al) The outer end of the scapula; site 
where the elaviele is attaehed. 

aerosome (AK"roh"Sohm) A eap-like structure on the head of a 
sperm eell; prodtiees enzymes for penetrating eggs. 

aetin (AK"tin) A thin, protein filament found in skeletal muscle 
eells; protein eomponent of mierofilaments. 

aetion potential An eleetrieal impulse that advanees along a 
plasma membrane of a neuron or muscle eell. 

aetive transport A earrienmediated proeess in which eelltilar 
energy is used to move moleeiiles against their eoneentration 
gradient through a plasma membrane. 

adenosine diphosphate (ah"DEN"oh"Seen dyeTAHSTate) An 
energy molecule eomposed of an adenine base, a ribose sugar, and 
two phosphate groups. 

adenosine triphosphatase (ATPase) (ah"DEN"oh"Seen try- 
FAHS-fatemys) (AY-tee"pays) An enzyme that eatalyzes the 
hydrolysis of ATP to form ADP, a phosphate group, and a net 
release of free energy. 

adenosine triphosphate (ATP) (ah"DEN"oh"Seen tryTAHS" 
fate) The energy eiirreney of a eell; eomposed of an adenine 
base, a ribose sugar, and three phosphate groups. 

adenylate eyelase (ah"DEN"ihayt SYE-klayz) An enzyme that 
eatalyzes the eonversion of ATP to eyelie AMP (eAMP). 


adipoeyte (AD"i"poh"Syte) A fat eell. 

adrenergie neuron (ad"ren"ER-jik NOO-ron) A neuron 
that seeretes norepinephrine ( noradrenaline ) or epinephrine 
( adrenaline ) as its neurotransmitter. 

aerobie Any proeess that requires oxygen. 

afferent (AFTenent) Toward; opposite of efferent. 

aldosterone (aPDAH'Stainohn) A mineraloeortieoid; a 
hormone prodiieed by the adrenal cortex that aets on the 
kidneys to inerease sodium levels in the blood and inerease 
excretion of potassium in urine. 

alkaline (ALTahHin) Refers to a base, a pH greater than 7; 
having a relatively low eoneentration of hydrogen ions. 

alveolus/alveoli (ahVEE"oh"luss/aPVEE-'oh"lye) Delieate air 
saes in the lungs where gas exchange occurs. 

amino aeid (ah-MEE^no ASSTd) The structural unit of a 
protein. 

amnion (AMmee'On) One of the extraembryonic membranes; 
develops around the embryo/fetus forming the amniotie eavity. 

amniotie fluid (am"nee"OT"ik fluid) The fluid that surrounds 
and cushions the developing embryo and fetus. 

amniotie sae (am"nee"OT"ik sak) Fluid"filled ehamber in 
which the embryo floats during development. 

amylase (AM"eh"layz) An enzyme that breaks down poly^ 
saeeharides; produced hy salivary glands and panereas. 

anabolism (ah"NAB"oh"liz"em) Synthesis reaetions that require 
energy to join small moleetiles together to form more complex 
moleetiles; for example, amino aeids bonding together to make 
proteins. 

anaerobie (amainOHTik) Any proeess that does not require 
oxygen. 

anaphase (AN"nah"fayz) Stage of mitosis when the ehromatid 
pairs separate and the datighter ehromosomes move toward the 
opposite ends of the eell. 

antebraehial (an"tee"BRAY"kee"al) Pertaining to the forearm. 

antecubital (an"tee"KYOO"bi"tal) Pertaining to the anterior 
side of the elbow. 

anterior (an"TEER"ee"Or) Toward the front or ventral; opposite 
of posterior. 
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antibody Proteins produced by plasma eells in response to 
speeifie antigens; antibodies eombine with antigens to render 
a pathogen harmless; also known as immunoglobulin (Ig). 

antigen (ANN-tih-jen) Means “antibody generating substances”; 
macromolecules that induce the immune system to make antb 
bodies. 

antrum (AN-trum) Central ehamber. 

anus (AY-nus) External opening at the end of the rectum. 

aorta (ay'OR-tah) Largest artery in the body; earries oxygenated 
blood from left ventriele and into the systemie circuit. 

apex (AY-peks) Pointed tip of a structure. 

apieal (AY-pik-al) Loeated near or relating to the apex or 
pointed structure; opposite of basal. 

apnea (APP-nee-ah) Temporary eessation of breathing at the 
end of a normal expiration. 

aponeurosis (ap-oh-nyoo-ROH-sis) Broad, flat collagenous 
sheets that may serve as anehor points for skeletal mtisele. 

appendix (ah-PEND-diks) Small organ eonneeted to the cecum 
of the large intestine. 

aqueous humor (AY-kwee-us HYOO-mor) A fluid that fills the 
anterior ehamber of the eye. 

araehnoid (ah-RAK-noyd) Middle meninges that surround the 
CSL and proteet the brain and spinal eord. 

arbor vitae (AR-bor VYE-tay) Oentral area of white matter in 
the eerebelhim. 

arteries (AR-ter-eez) Blood vessels that earry blood away from 
the heart. 

arteriole (ar-TEER-ee-ohl) Mieroseopie blood vessel that 
eonneets small arteries to eapillaries. 

articulation (ar-tik-yoo-LAY-shun) Joint; point of eontaet 
between bones. 

atom (AT-om) The smallest partiele of a ehemieal element that 
displays the properties of that element. 

atrioventricular (AV) (ay-tree-oh-ven-TRIK-yoo-lar) bundle 
Group of speeialized eardiae muscle eells that extend from the 
AV node to the Purkinje fibers; eoordinates eontraetion of the 
heart mtisele. 

atrioventricular (ay-tree-oh-ven-TRIK-yoo-lar) (AV) node 
Seeondary paeemaker of the heart; a small mass of speeialized 
eardiae muscle eells that plays a role in the eleetrieal conduction 
system within the heart. 

atrioventricular (AV) (ay-tree-oh-ven-TRIK-yoo-lar) valves 
Pair of heart valves loeated between the atria and the ventrieles; 
tricuspid and bicuspid; prevent backflow of blood into atria during 
ventricular eontraetion. 

atrium (AY-tree-um) An upper ehamber of the heart; reeeives 
blood from the pulmonary or systemie eiretiit. 


auditory (AW-di-toh-ree) Pertaining to the sense of hearing. 

auditory tube (AW-di-toh-ree tube) Passageway that eonneets 
the nasopharynx with the middle ear. 

auricle (AW-ri-kul) Curved, flexible upper portion of the ear; 
also, expandable flap-like structure of an atrium in the heart. 

autonomic (aw-toh-NAHM-ik) nervous system (ANS) Part 
of the nervous system that governs itself without our conscious 
knowledge; divided into sympathetie and parasympathetie 
divisions; eontrols organs through reflex pathways that link 
to smooth muscle, eardiae muscle, and glands. 

axilla (AK-sil-ah) The armpit. 

axon hilloek (AK-son HILL-ok) Lunnel-shaped portion of 
neiiral eell body from which the axon extends. 

axons (AK-sonz) Long, single proeess of neurons that conduct 
nerve impulses toward the synaptie knobs. 

B 

basal (BAY-sal) Loeated at or near the base of a structure; 
opposite of apieal. 

basement membrane (BAYSE-ment MEM-brayne) A layer of 
protein fibers that eonneets the epithelium to the underlying 
eonneetive tissue. 

basie See alkaline. 

basophil (BAY-so-fil) White blood eell; releases histamine into 
damaged tissue. 

bicuspid valve (bye-KUSS-pid valve) The left atrio-ventricular 
(A-V) valve in the heart; also known as the mitral valve. 

bicuspids (bye-KUSS-pids) Teeth used for emshing, mashing, 
and grinding; premolars. 

bile A seeretion of the liver that is stored in the gallbladder and 
released into the duodenum; physieally breaks down fat into 
smaller droplets. 

bipolar neuron (bye-POH-lar NOO-ron) Nerve eell with two 
distinet proeesses; one dendrite, one axon. 

blastoeyst (BLASS-toh-sist) Early stage in embryonie develop- 
ment; a hollow ball of eells eonsisting of an inner eell mass and 
an outer eell mass. 

blastomere (BLASS-toh-meer) The first eleavage division that 
produces a pre-embryo eonsisting of two identieal eells. 

bolus (BOH-luss) A ball or mass of chewed food that passes 
from the mouth to the stomaeh. 

Bowman’s capsule See glomemlar eapsnle. 

Boyle’s law A physies law stating that the volume of a gas is 
inversely proportional to its pressure. 

braehial (BRAY-kee-al) Pertaining to the upper limb between 
shotilder and elbow. 
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brain stem (brayn stem) Part of the brain that eontains impor- 
tant proeessing eenters; eonsists of the medtilla oblongata, pons, 
and midbrain. 

bronehiole (BRONG-kee-ohl) A small, tube-like braneh of a 
bronchus; laeks cartilaginous supports, but wall eontains smooth 
muscle. 

bronchus (BRONG-kuss) A braneh of the bronehial tree 
between the traehea and the bronehioles. 

buccal (BUK-al) Pertaining to the eheek. 

bulbourethral glands (BUL'boh-yoo-REE-thral glands) Small, 
mucus glands loeated at base of the penis; seeretions lribrieate 
the iirethra. 

bundle branehes Two bands of speeialized eardiae muscle eells 
that transmit imptilses from the AV bundle to the Purkinje fibers. 

bundle of HIS See atrioventrienlar (AV) bimdle. 

e 

ealeifieation (kal-sihTih-KAY-shun) Proeess of hardening a tissue 
with deposits of calcium salts. 

ealeitonin (CT) (kahsih-TOE-nin) A hormone prodtieed by the 
thyroid gland that serves to deerease calcium levels in the blood. 

canaliculus/canaliculi (kan-ah-LIK-yoo-luss/kan-ah-LIK-yoo-lye) 
Mieroseopie ehannels between eells, found in eompaet bone and 
liver; in eompaet bone, canaliculi allow diffusion of nutrients 
and wastes; in liver, bile eanalieiili transport bile to bile ducts. 

eanine tooth (KAY-nyne tooth) See cuspids. 

eapillary (KAP-i-lair-ee) Smallest, simplest blood vessel; miero- 
seopie; eonneets arterioles and venules. 

earbohydrate (kar-boh-HYE-drayt) Organie compound eontain- 
ing earbon, oxygen, and hydrogen; sugars, starehes, and cellulose. 

eardiae (KAR-dee-ak) eyele A eomplete heartbeat or pmnping 
eyele eonsisting of systole and diastole. 

eardiae (KAR-dee-ak) output The volume of blood pumped by 
one heart ventriele eaeh minute. 

earotid artery (kah-ROT-id AR-ter-ee) The large artery of the 
neek that provides a major blood supply to the brain. 

earpals (KAR-puls) Wrist bones. 

carpus/carpal (KAR-pus/KAR-pul) The wrist. 

eatabolism (kah-TAB-oh-liz-em) Chemical reaetions that break 
down complex organie eompotmds into simpler ones with a net 
release of energy; for example, proteins broken down into amino 
aeids. 

eateeholamines (kat-eh-KOLE-ah-meenz) A elass of neuro- 
transmitters that are synthesized from the amino aeid tyrosine; 
include norepinephrine, epinephrine, and dopamine; may play 
a role in sleep, motor function, regulating mood, and pleasure 
reeognition. 

caudal (KAW-dal) The tail. 


CCK See eholeeystokinin. 

cecum (SEE-kum) The pouch loeated at the beginning of the 
large intestine. 

eell (sell) The basie unit of life. 

cellular respiration Metabolie proeess by which earbohydrates, 
fatty aeids, and amino aeids are broken down to produce ATR 

cementum (see-MEN-tum) Bone-like material eovering the root 
of the tooth. 

eentriole (SEN-tree-ohl) Tiny, eylindrieal organelle of a eell; 
involved with spindle formation during mitosis. 

eentromere (SEN-troh-meer) The region where two ehromatids 
are eonneeted together during the early stages of eell division. 

eentrosome (SEN-troh-sohm) The region of eytoplasm that 
eoordinates the aetivities of eentrioles. 

cerebellum (sair-eh-BELL-um) Seeond largest part of the brain; 
eoordinates and refines learned movement patterns. 

eerebrospinal (SAIR-eh-broh-SPY-nal) fluid (CSF) Liquid 
found in the eentral nervous system by filtering and proeessing 
blood plasma; circulates in the ventrieles, eentral eanal, and 
subarachnoid spaee of the brain and spinal eord. 

cerebrum (SAIR-eh-brum) Largest region of the brain; origin 
of eonseiotis thoughts and all intellectual ftmetions; eontrols 
sensory and motor integration. 

eervieal (SER-vih-kal) Pertaining to the neek. 

cervix (SER-viks) Neek-like structure at the inferior portion 
of the uterus; projeets into vagina. 

ehief eells (CHEEF sells) Cells in the gastrie mucosa that 
primarily seerete pepsinogen, which later is eonverted into 
the protein digesting enzyme ealled pepsin. 

eholeeystokinin (CCK) (koh-lee-sis-toh-KYE-nin) A hormone 
prodtieed by the dtiodenal mucosa that stiimilates eontraetion of 
the gallbladder and seeretion of panereatie juice rieh in digestive 
enzymes. 

eholinergie neuron (koh-leh-NER-jik NOO-ron) Neuron that 
seeretes aeetyleholine as their neurotransmitters. 

ehondroeyte (KON-droh-syte) A eartilage eell. 

ehorion (KOH-ree-on) A membrane eonsisting of the mesoderm 
and trophoblast; develops into a membrane of the plaeenta. 

ehoroid (KOH-royd) Middle, vascular layer of the eye. 

ehromatid (KROH-mah-tid) Either of two daughter strands of 
ehromosomes that are joined by a single eentromere. 

ehromatin (KROH-mah-tin) Chromosomal material that is 
loosely eoiled, forming a tangle of fine filaments with a grainy 
appearanee. 

ehromosomes (KROH-meh-sohms) Tightly eompaeted struc- 
tures that eontain eoiled DNA wrapped around histone proteins; 
normal human body eells eontain 46 ehromosomes; term means 
“eolored body.” 
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ehyme (kyme) A soupy, viscous mixture of ingested stibstanees 
and gastrie juices leaving the stomaeh. 

eilia (SIL-ee'ah) Long folds of plasma membrane that eontain 
microtubules. 

eiliary body (SIL-ee-ainee body) A muscular structure that 
surrounds the perimeter of the lens of the eye and attaehes to 
it through the suspensory ligaments. 

eitrie aeid eyele (SIT-rik ASS-id SYE-kul) An aerobie ehemieal 
eyele that begins with the formation of eitrie aeid and restilts in 
the formation of oxaloacetic aeid; in the proeess, ATP is produced 
and earbon dioxide is released; occurs in the mitoehondrion. 

elitoris (KLIT-oh-ris) Small female organ eomposed of ereetile 
tissue loeated behind the junction of the labia majora. 

eoeeygeal (KOKS-ih-jee-al) Relating to or near the coccyx. 

coccyx (KOKS-siks) The tailbone; most inferior portion of the 
vertebral column. 

eoehlea (KOHK-lee-ah) An inner ear structure that resembles a 
snail shell; eontains nerve endings that are essential to hearing. 

eollagen (KAHL-ah-jen) The most eommon type of protein 
fiber found in eonneetive tissues, serves to strengthen tissues. 

eolon (KOH-lon) The large intestine. 

eommon bile duct (KOM-mon byle dukt) Formed by the union 
of the eystie duct and the hepatie duct; earries bile from the liver 
and gallbladder to the duodenum. 

eompaet bone (KOM-pak bone) Dense bone; eontains osteons. 

compound (KOM-pound) A siibstanee formed by the union of 
two or more elements. 

eonneetive tissue (koh-NEK-tiv TISH-yoo) One of the four 
major tissue types; serve to give structural support to other tissties 
and organs in the body; most eontain eells, protein fibers, and 
ground stibstanee. 

eornea (KOHR-nee-ah) The transparent, anterior region of the 
selera. 

eorona radiata (koh-ROHN-ah ray-dee-AY-tah) Follietilar eells 
that surround the ooeyte. 

eoronoid (KOHR-oh-noyd) Pertaining to eertain proeesses of 
the bone; shaped like a crow’s beak. 

corpus/corpora (KOHR-pns/KOHR-pohr-ah) Body. 

corpus albieans (KOHR-pus AL-bi-kans) Pale sear tissue in the 
ovaries that replaees the nonfunctional corpus luteum. 

corpus callosum (KOHR-pus kah-LOH-sum) Area of the brain 
that links the right and left eerebral hemispheres. 

corpus cavernosum (KOHR-pus kav-er-NO-sum) Two columns 
of ereetile tissue that extend along the length of the penis. 

corpus luteum (KOHR-pus LOO-tee-um) An ovarian structure 
transformed from a ruptured folliele; seeretes estrogen and 
progesterone. 


corpus spongiosum (KOHR-pus spun-jee-OH-sum) Ereetile 
body that surrounds the urethra. 

cortex (KOHR-teks) Outer part of an organ; adrenal cortex. 

eortisol (KOHR-tih-sawl) A glucocorticoid; a hormone prodtieed 
by the adrenal cortex that helps regulate responses to stress; also 
known as hydroeortisone. 

Cowper’s glands (KOW-perz glands) See bnlbomethral glands . 

coxa/coxae (KOKS-ah/KOKS-ee) Pelvie bone or hip bone. 

erest (as in bone marking) Slightly raised narrow ridge on a 
bone; site for muscle attaehments. 

crural (KROOR-al) Refers to the anterior portion of the leg 
(below the knee). 

cubital (KYOO-bi-tal) Pertaining to the elbow. 

cuspids (KUS-pids) Sharp, pointed teeth; eanines. 

eyelie adenosine monophosphate (SIK-lik ah-DEN-oh-seen 
mon-oh-FOS-fate) (eAMP) A seeond messenger formed from 
ATP; eomposed of an adenine base, a ribose sugar, and one 
phosphate group; tised for signal transduction. 

eystie duct (SlS-tik dukt) A tube that leads from the gallbladder 
toward the liver; unites with the eommon hepatie duct to form 
the eommon bile duct. 

eytokinesis (SYE-toe-kih-nee-siss) Physieal division of the 
eytoplasm during eell division. 

eytoplasm (SYE-toh-plaz-em) Gel-like material between 
the nucleus and the plasma membrane; includes eytosol and 
organelles. 

eytoskeleton (sye-toh-SKEL-eh-ton) An integrated network 
of microtubules and mierofilaments in the eytoplasm that gives 
shape and provides stipport to the eell and its organelles. 

eytosol (SYE-toh-sawl) Fluid portion of the eytoplasm. 

o 

decidua basalis (dih-SID-yoo-ah bah-SAY-lis) Area of the endo- 
metrium that develops into the maternal part of the plaeenta. 

deep away from the surface; opposite of superficial. 

deltoid (DEL-toyd) Triangular shape. 

dendrite (DEN-dryte) A long cellular extension of a neuron 
that responds direetly to stiimili. 

dentin (DEN-tin) The mineralized matrix found in teeth. 

dermis (DER-mis) Layer of eonneetive tissue that lies beneath 
the epidermis. 

diaphragm (DYE-ah-fram) Dome-shaped muscle that separates 
the thoraeie and abdominal eavities; a major muscle involved 
with respiration. 

diaphysis (dye-AF-i-sis) Tubular shaft of a long bone. 

diastole (dye-ASS-toh-lee) Relaxation of both atria and both 
ventrieles in the heart; opposite of systole. 
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diffusion (dih-FYOO'shun) The net movement of substances 
from an area of high eoneentration to an area of low eoneentra' 
tion. 

disaeeharide (dye'SAK'ah"ryde) A double-unit sugar formed by 
bonding a pair of monosaeeharides together; ex: laetose, sucrose. 

distal (DlS-tall) Refers to the region or referenee away from an 
attaehed base; opposite of proximal. 

distal convoluted tubule (DCT) (DlS-tal KON-voh-loo-ted 
TOOB-yool) The part of the nephron distal to the aseending 
limb of the nephron loop; site for aetive seeretion and seleetive 
reabsorption of ions and other substances. 

dorsal (DOR-sal) Pertaining to the baek; posterior; opposite of 
ventral. 

ductus deferens (DUK-tus DEF-er-ens) A smooth muscular 
tube that propels sperm from the epididymis to the ejaculatory 
duct; also known as vas deferens. 

duodenum (doo-oh-'DEE-num) First and shortest segment of 
the small intestine—about 10 in. long; reeeives ehyme from the 
stomaeh and digestive seeretions from the panereas. 

dura mater (DOO-rah MAH-ter) Outermost layer of the 
meninges. 

E 

efferent (EF-fer-ent) Away from; opposite of afferent. 

ejaculatory duct (ee-JAK-yoo-lah-toh-ree dukt) Short passage- 
way that allows sperm to enter the urethra. 

eleetroeardiogram (ECG orEKG) (ee-lek-troh-'KAR-'dee-oh- 
gram) A graphie reeord of the heart’s eleetrieal aetivity or eon- 
duction of imptilses; used to evaluate the heart’s aetion potential. 

eleetroeneephalogram (EEG) (ee-lek-'troh-'en-'SEF-ah-loe-gram) 
A graphie reeord of brain eleetrieal potentials; used to evaliiate 
nerve tissue fimetion and diagnose speeifie disorders (such as 
epilepsy). 

eleetrolytes (ee-LEK-troh-'lytes) inorganie substances that break 
up in solution to form ions and conduct eleetrieity; include aeids, 
bases, and salts. 

eleetrons (ee-LEK-trons) Negatively eharged stibatomie partieles 
in atoms; loeated in energy shells outside the nucleus of the atom. 

eleetron transport system (ETS) (ee-LEK-tron TRANS-port 
SlS-tem) Transfer of eleetrons along a series of membrane- 
botmd eleetron earrier moleetiles in the mitoehondria; energy 
from this proeess is used to synthesize ATP; aerobie proeess that 
produces water. 

embolus (EM-boe-luss) A elot that dislodges and circulates 
through the bloodstream. 

embryo (EM-bree-oh) A stage of human development beginning 
at fertilization and ending at the start of the 8th developmental 
week. 


emulsification (ee-muLsih-fih-'KAY-shun) The proeess by which 
bile breaks up fats. 

enamel (ee-NAM-el) Hardest manufactured substance in the 
body; eovers the crown of the tooth. 

endocardium (en-doh-KAR-'dee-tim) Simple squamous epithelial 
inner layer of the heart. 

endoeytosis (en-'doh-sye-TOH-sis) An aetive transport meeha- 
nism that allows extracellular stibstanees to enter the eell by 
phagoeytosis, pinoeytosis, or reeeptor-mediated endoeytosis. 

endometrium (en-doh-MEE-tree-um) Innermost, glandtilar 
layer of the uterine wall. 

endomysium (en-doh-MISH-ee-um) Inner layer of eonneetive 
tissue that surrounds eaeh skeletal muscle fiber. 

endoneurium (en-doh-NOO-ree-um) A layer of eonneetive 
tissue that surrounds individual axons. 

endoplasmie reticulum (en-doh-PLAS-mik re-TIK-yoo-lum) 

The network of intracellular membranes that synthesizes and 
manufactures membrane-bound proteins. 

endosteum (en-DOS-tee-um) A membrane that lines the 
marrow eavity inside a bone. 

enzyme (EN-zyme) A biologieal eatalyst. 

eosinophil (ee-oh-SIN-oh-fil) A phagoeytie white blood eell; 
mimbers inerease during allergie reaetion. 

epicardium (ep-i-KAR-dee-um) Outer eovering of the heart; 
also ealled the viseeral periearditim. 

epidermis (ep-i-DER-mis) Outermost layer of the skin. 

epididymis (ep-i-DID-i-miss) A long, eoiled and twisted tubule 
that lies along the posterior border of the testis; stores sperm and 
faeilitates their maturation. 

epiglottis (ep-i-GLOT-iss) Flap of elastie eartilage that folds 
baek over the larynx during swallowing. 

epimysium (ep-i-MISH-ee-um) Connective tissue layer that 
surrounds the entire skeletal mtisele. 

epineurium (ep-i-NOO-ree-um) Outermost fibrous eonneetive 
tissue sheath that surrounds a peripheral nerve. 

epiphysis (eh-PIF-i-sis) Expanded end of a long bone. 

epithelial tissue (ep-i-THEE-lee-al TISH-yoo) One of the four 
major tissue types; serves to eover exposed body surfaces and 
lines internal eavities and passageways. 

erythroeyte (e-RITH-roh-syte) Red blood eell. 

esophagus (eh-SOF-ah-gus) Hollow, muscular tube that trans- 
ports food and liquid from the pharynx to the stomaeh. 

estrogens (ES-troh-jens) Steroid hormone prodtieed by the 
ovaries; dominant sex hormone in females. 

exocytosis (eks-oh-sye-TOH-sis) An aetive transport meeha- 
nism that involves movement of vesicle-bound siibstanees out of 
the eell; vesieles fuse with the plasma membrane, and eontents 
are released otitside the eell. 
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extracelluar fluid (ECF) Liquid loeated outside body eells such 
as plasma, lymph, and interstitial fluid. 

F 

faeet (FASS-et) Flat surface of a bone that forms a joint with 
another bone. 

faeilitated diffusion A passive transport proeess wherein a 
substance binds to a earrier molecule in the plasma membrane 
and is moved from an area of higher eoneentration to an area of 
lower eoneentration. 

Fallopian tubes (faLLOFi-pee-an toobs) See nterine tubes. 

faseia (FAY'sha) A eonneetive tissue sheath eonsisting of fibrous 
tissue and fat; unites skin to underlying tissue. 

faseiele (FASS'i-kul) A single btmdle. 

feees (FEE-seez) The waste material eliminated from the large 
intestine; residue of digestion; also known as stool. 

femoral (FEM-or-al) Pertaining to the thigh. 

fetus (FEE-tus) The name given to the unborn young from the 
eighth week of pregnaney to birth. 

fibroblasts (FYE-broh-blasts) The most abundant fixed eells in 
eonneetive tissue proper. 

fibular (FIB-yoo-lar) Pertaining to the fibula. 

fight-or-flight-response A group of reaetions that ready the 
body to engage in maximum muscular exertion needed to deal 
with a pereeived threat. 

filtrate Fluid produced by the proeess of filtration, such as that 
made by the glomemli in the kidneys. 

filtration A proeess that uses hydrostatie pressure to move water 
and solutes throiigh a membrane. 

fimbria/fimbriae (FIM-bree-ah/FIM-bree-ee) Fingerlike projee- 
tions, such as those found on the ends of the uterine tubes nearer 
the ovaries. 

first messenger Typieally, a nonsteroid hormone that binds to 
its plasma membrane reeeptor, thereby inducing a response in 
the target eell. 

fissure (FISH-ur) Deep groove. 

folliele (FOL-lih-kul)-stimulating hormone (FSH) A hormone 
that stiimilates structures within the ovaries and primary follieles 
to grow toward maturity; stimiilates folliele eells to synthesize 
and seerete estrogen in the female and stiimilates development 
of the seminiferotis tubules in the male. 

fontanel (FON-tah-nel) Fibrous area between the eranial bones; 
“soft spot”. 

foramen/foramina (foh-RAY-men/foh-RAM-i-nah) A hole or 
passageway in bone for blood vessels and/or nerves to pass through. 

forearm (FORE-arm) The part of the arm between the elbow 
and the wrist. 


fossa (FOSS-ah) Depression. 

frenulum (FREN-yoo-lum) Small bridle; thin, flat fold of mucous 
membrane between two structures, such as the lingual frenulum 
that anehors the body of the tongue to the floor of the oral eavity. 

frontal (FRUN-tal) Toward the anterior. 

frontal plane (FRUN-tal playne) Runs parallel to the long axis 
of the body; divides the body into anterior and posterior seetions. 

G 

G eells (jee sells) Cells found in the stomaeh; seerete the 
hormone gastrin. 

gallbladder Pear-shaped organ attaehed to the liver that stores 
and eoneentrates bile. 

gametes (GAM-eets) Mature male or female reproductive 
eells—sperm or seeondary ooeyte. 

gastrie (GAS-trik) Pertaining to the stomaeh. 

gastrie juice (GAS-trik joos) A mixture of seeretions that 
eontain water, mucus, hydroehlorie aeid, and the enzyme pepsin; 
seereted by exocrine gastrie glands. 

gastrin (GAS-trin) The hormone that stimulates the seeretion 
of both parietal and ehief eells in the stomaeh. 

genitalia (jen-i-TAYL-yah) The reproductive organs. 

glomerular (gloh-'MARE-yoo-lar) capsule Cup-shaped mouth of 
the nephron; surrounds the glomerulus; reeeives the glomemlar 
filtrate; also known as Bowman’s eapstile. 

glomerulus/glomemli (gloh-MARE-yoo-lus/gloh-MARE-yoo-lye) 
Cluster of eapillaries tucked into the glomemlar eapstile; forms 
the glomemlar filtrate. 

glucagon (GLOO-kah-gon) A hormone produced by alpha eells 
in the panereas; inereases blood glucose levels. 

glucose (GLOO-kohs) A monosaeeharide; prineipal source of 
energy for the eells. 

glucocorticoids (gloo-'koe-KORE-tih-koyds) A group of hormones 
produced by the adrenal cortex that help regulate normal glucose 
levels and inerease resistanee to stress; ex: eortisol. 

gluconeogenesis (gloo-koh-nee-oh-JEN-eh-sis) The synthesis 
of glucose from lipid or protein. 

gluteal (GLOO-tee-al) Pertaining to the buttocks. 

glyeogen (GLYE-koh-jen) A polysaeeharide eonsisting of a long 
ehain of glucose units; found mainly in liver and skeletal mtisele 
eells. 

glyeolysis (glye-KOL-ih-sis) An anaerobie proeess that breaks 
down a glucose molecule into two pymvie aeid moleetiles; ATP 
is produced; occurs in the eytoplasm. 

Golgi complex (GOL-jee KOM-pleks) Membranous eelhilar 
organelle that stores, alters, and paekages seeretory products such 
as proteins; gives rise to lysosomes and seeretory vesieles; also 
known as Golgi apparams or Golgi body. 
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G protein Membrane protein that reaets with guanosine 
triphosphate (GTP); aetivates the membrane-hound enzyme 
adenylate eyelase. 

Graafian folliele (GRAH-fee'en FOL-'li-kul) See tertiary folliele . 

gray matter (gray MAT-er) Regions in the brain and spinal eord 
eontaining nerve eell bodies, glial eells, and unmyelinated axons. 

growth hormone Hormone produced by the anterior pituitary; 
promotes bodily growth indireetly by stimulating the liver to 
produce eertain growth faetors; also known as somatotropin. 

gyrus/gyri (JYE-russ/JYE-rye) Elevated ridge. 

H 

hard palate (hard PAL-let) Bony roof of the mouth. 

haustrum/haustra (HAWS"trum/HAWS"trah) Series of pouches 
in the wall of the eolon; permits distention and elongation. 

Haversian system (hah"VER"shun system) See osteon. 

head Rounded proeess at the end of a long bone. 

hemoglobin (hee"mO"GLOH"bin) A protein eontaining iron in 
red blood eells; functions to transport oxygen and some earbon 
dioxide in the blood. 

hepatie duct (heh"PAT"ik dukt) Collects bile from all of the bile 
ducts of the liver lobes; unite to form eommon bile duct. 

hepatie portal vein (heh"PAT"ik POR"tall vane) Delivers blood 
to the liver. 

hepatie triads (heh"PAT"ik TRYEmds) Portal areas loeated at 
eaeh of the six eorners of the hepatie lobule; eaeh triad eonsists 
of the following three structures: (1) braneh of hepatie portal 
vein, (2) braneh of hepatie artery proper, and (3) braneh of the 
bile duct. 

hepatoeytes (heh"PAT"oh"Sytes) Liver eells. 

hepatopanereatie sphineter (heh"PAT"oh"pan"kree"AT"ik 
SFINGK"ter) Muscular ring that surrounds the lumen of the 
eommon bile duct and the duodenal amptilla; seals off the 
passageway and prevents bile from entering the small intestine; 
also known as sphineter of Oddi. 

hilus (HYE"luss) A depression on an organ that serves as an 
entranee site for blood vessels, lymphatie vessels, and/or nerves; 
ex: renal hilus. 

homeostasis (hoh"mee"oh"STAY"SÌs) The proeess of maintain" 
ing the relatively stable state in the body’s internal environment 
despite regtilar ehanges in the external environment. 

hormone (HOR^mohn) Chemical messenger; seereted by an 
endoerine gland and transported through the blood. 

hydroxyapatite (hye^DROK'Seempmlvtyte) The ehief struC" 
tural eomponent of bone; formed by the interaetion of ealeitim 
phosphate and ealeitim hydroxide. 


hypertonie (hye^penTONYk) solution Solution that eontains a 
higher eoneentration of nonpenetrating solutes than the adjaeent 
eell; causes eell to shrink. 

hypodermis (hye^poh^DER^mis) Layer of loose eonneetive tissue 
that separates the skin from underlying tissue and organs; also 
known as subcutaneous layer. 

hypothalamus (hye"poh"THAL"ah"mus) Part of the dieneepha" 
lon in the brain; eontains eontrol eenters regtilating autonomic 
functions, emotions, and hormone production. 

hypotonie (hye"poh"TON"ik) solution Sohition that eontains a 
lower eoneentration of nonpenetrating soliites than the adjaeent 
eell; causes eell to swell. 

i 

ileum (IL"ee"tim) Final 12"foot segment of the small intestine. 
ilium (IL"ee"tim) Largest coxal bone. 

ineisors (in^SYE-zors) Blade^shaped teeth found at the front 
of the mouth; used for elipping or cutting. 

incus (IN"kuss) Middle ear bone; also ealled the anvil. 

inferior (in^FEER'ee^or) Below; opposite of superior. 

inferior vena eava (inferior VEEmah KAY^vah) One of the 
great veins; earries blood to the right atrium from the trunk and 
lower extremities. 

inguinal (ING"gwih"nal) Pertaining to the groin. 

inhibin (imHIBdn) A hormone seereted by the testes and 
ovaries that inhibits the release of follicle"Stimulating hormone 
(FSH) from the anterior pituitary. 

inner ear Region of the ear that eontains the reeeptors of 
equilibrium and hearing. 

inorganie (in"Or"GAN"ik) Pertaining to compounds that 
laek hydroearbons (earbon atoms bonded to hydrogen atoms); 
ex: water, salts. 

insulin A hormone produced by the panereas; promotes the 
movement of glucose, amino aeids, and fatty aeids out of the 
blood and into body eells. 

interealated dises (in"TER"kah"lay"ted disks) Speeialized 
regions that form eonneetions between eardiae mtisele eells. 

interdigitate (in"ter"DIJ"ih"tayt) To interloek. 

intermediate filaments (imtenMEEHeedt FILmlvments) 

Part of the eell’s eytoskeleton; provides strength, stabilizes the 
position of the organelles, and transports material within eells. 

interphase (IN"terTayz) Longest stage in the eell life eyele when 
the eell prepares for division; DNA is replieated in this stage. 

interstitial (imtenSTISHml) fluid Liquid that fills the spaees 
between eells. 

intervertebral dise (imtenVER'teeTral disk) Pad of fibro" 
eartilage that separates and cushions the vertebrae. 
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intra-alveolar (in-trah-al'VEE'oh-lar) pressure Air pressure 
inside the alveoli of the lungs. 

intracellular fluid (ICF) Liquid loeated within the eells. 

ion (EYE'On) A eharged partiele; ex: Na + . 

iris (EYE-riss) Part of the eye that eontains blood vessels, 
pigment eells, and smooth miisele. 

ischium/ischia (IS'kee-um/IS''kee-ah) One of the three bones 
that fuse to ereate a coxal bone in the hip. 

isotonie (eye-soh-TON-ik) solution Solution that eontains the 
same eoneentration of nonpenetrating solutes as the adjaeent 
eell; causes eells to neither shrink nor swell. 

j 

jejunum (jeh"JOO"num) 8-foot middle segment of the small 
intestine hetween the duodenum and the ileum. 

K 

kidney (KIDmee) Major organ of the urinary system; filters 
waste products from the blood. 

Krebs eyele See eitrie aeid eyele. 

L 

labia (LAYTeemh) “Lips”; skin folds on the sides of the opening 
to the vagina. 

laerimal gland (LAK^rilvmal gland) Almond^shaped tear gland. 

laeteal (LAK'teeml) Lymphatie eapillary within a villus of the 
small intestine. 

laetie aeid A waste product of glucose metabolism as a restilt of 
insufficient oxygen supply; produced in muscles after an intense 
workout. 

lacuna (lah^KOO^nah) A small spaee where bone or eartilage 
eells are found. 

lamella/lamellae (lah"MEL"ah/lah"MEL"ee) Layer of ealeified 
hone matrhí. 

lamina propria (LAY^mnvah PRYApreemh) The loose eonnee" 
tive tissue eomponent of a mucous membrane. 

laryngopharynx (lair"ring"gO"LAIR"inks) Portion of the pharynx 
lying between the hyoid hone and the entranee to the esophagtis. 

larynx (LAIR"inks) Cartilaginous structure that surrounds and 
proteets the glottis; voiee box. 

lateral (LAT-er-al) Away from the midline of the body; opposite 
of medial. 

lens A part of the eye that lies posterior to the eornea; focuses 
the visual image on the retinal photoreeeptors. 

leukocyte (LOO"koh"Syte) White blood eell. 


ligament (LKTalvment) A type of eonneetive tissue that 
eonneets bone to hone. 

line A long, narrow strip or mark; in the skeletal system, similar 
to a erest. 

lipids (LIP"idz) Organie molecules eontaining earbon, hydrogen, 
and oxygen, such as in fats and oils. 

lobule (LOEbyool) A small lobe. 

lipase (LYE"payse) A panereatie enzyme that breaks down lipids. 

loop of Henle (loop of HEN"lee) See nephron loop. 

lumbar (LUM"har) Lower baek. 

lumen (LOO^men) Hollow area within a tube. 

lungs The pair of respiratory organs that exchanges oxygen and 
earbon dioxide in the blood. 

luteinizing (loO"tee"in"EYE"ZÌng) hormone (LH) A hormone 
produced by the anterior pituitary; in females, aets on ovaries 
to stiimilate ovulation and progesterone seeretion from corpus 
luteum; in males, aets on testes to stimulate the synthesis and 
seeretion of testosterone. 

lymph (limf) Lluid transported hy the lymphatie system; similar 
to plasma but eontains lower eoneentration of proteins. 

lymph node (limf node) Small oval organ that filters and purifies 
lymph before it reaehes the venous system. 

lymphoeyte (LIM"foh"Syte) Primary eell of the lymphatie 
system; a type of white blood eell. 

lysosome (LYE"SO"Sohm) Cell organelle that eontains digestive 
enzymes. 

M 

macromolecules (mak"roh"MOL"eh"kyools) Large, complex 
molecules made from simpler moleetiles; ex: proteins, nucleic 
aeids. 

malleus (MAL^eems) One of three ear hones; also ealled the 
hammer. 

marrow (MAIR^roh) Soft vasetilar tissue that fills the eavities 
of most hones. 

matrix (MAY"triks) Extracellular suhstance of a eonneetive 
tisstie. 

meatus (mee"AY"tus) Thbelike opening or ehannel. 

medial (MEE"dee"al) Toward the midline longitudinal axis of 
the hody; opposite of lateral. 

median plane (MEEMeemn plane) A seetion that passes along 
the midline and divides the hody into right and left halves. 

mediastinum (mee"dee"aS"STYE"num) Region of the thoraeie 
eavity between the lungs. 

medulla (meh"DUL"ah) Inner portion of an organ; ex: adrenal 
medtilla. 
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medulla oblongata (meh-DUL-ah ob-long'GAH-tah) Most 
inferior portion of the brain stem; site of vital eontrol eenters 
for respiratory and cardiovascular systems. 

medullary eavity (MED-oo-lair-ee eavity) Hollow spaee inside 
the shaft of the bone; marrow eavity. 

meiosis (my-OH-sis) Type of eell division that restilts in the 
formation of sperm or ova that eontain half the number of 
ehromosomes as the parent eell; occurs in the testes and ovaries. 

melanin (MEL-ah-nin) Brown skin pigment that absorbs ultra- 
violet radiation. 

melanoeytes (MEL-ah-noh-sytes) A fixed eell that synthesizes 
and stores melanin. 

melatonin (meLah-TOE-nin) A hormone produced by the 
pineal gland; involved in regulating the body’s sleep-wake eyeles. 

meninx/meninges (ME-ninks/meh-NIN-jeez) One of the three 
membranes surrounding the spinal eord or brain. 

menstmal phase (MEN-stroo-all fayz) The first phase of the 
uterine eyele, eharaeterized by menstmal bleeding as a restilt of 
shedding the uterine lining ealled the endometrium. 

metabolism (meh-TAB-oh-'liz-em) Sum of all ehemieal aetivities 
in the body. 

metaearpals (met-ah-KAR-puls) The bones in the palm of eaeh 
hand. 

metaphase (MET-ah-fayz) Stage of mitosis; evident when 
ehromatids line up at the eenter of the eell. 

mierofilaments (my-KROH-FIL-ah-ments) Slender protein 
strands that make up the framework of the eytoskeleton; also 
ealled aetin. 

microtubules (my-kroh-TOOB-yools) Hollow protein tuhes 
found in all body eells; framework of the eytoskeleton. 

microvillus/microvilli (my-kroh-VIL-luss/my-kroh-VIL-eye) 
Small, finger-shaped projeetions of the plasma membrane of an 
epithelial eell. 

midbrain Portion of the brain stem; provides pathways between 
hrain stem and eerebmm. 

middle ear Small eavity hetween the external ear and inner ear 
that houses the three small ear hones. 

mineraloeeortieoids (min-er-al-oh-KOR-tih-koyds) A group of 
hormones produced hy the adrenal cortex that regulate mineral 
homeostasis, such as sodium and potassium levels in the blood; 
ex: aldosterone. 

mitoehondrion/mitoehondria (my-toh-KON-dree-ohn/my-toh- 
KON-dree-ah) Cellular organelle that is the site of aerobie 
cellular respiration; produces ATP for the eell. 

mitosis (my-TOH-sis) Proeess of eell division that resiilts in the 
formation of two daughter eells that eontain the same type and 
niimber of ehromosomes as the parent eell; divided into 4 stages: 
prophase, metaphase, anaphase, and telophase. 


molars (MOHL-larz) Teeth with flattened crowns with promi- 
nent ridges; used for grinding and emshing. 

molecules (MOL-eh-kyools) Compound eonsisting of two or 
more atoms held together by ehemieal honds. 

monoeyte (MON-oh-syte) A phagoeytie white blood eell. 

monosaeeharide (mon-oh-SAK-ah-ryde) A simple, single-imit 
sugar such as glucose or fmetose. 

morula (MOR-yoo-lah) A solid ball of eells formed from mitotie 
divisions of the blastomeres. 

motility (moh-TIL-i-tee) Oontraetion of smooth muscle in 
the wall of the digestive traet for the purpose of mixing and 
propelling digested substances; ineltides the proeesses of peristalsis 
and segmentation. 

mucosa (myoo-KOH-sah) Mucous membrane. 

mucous (adj.) (MYOO-kuss) Deseribes hibrieating seeretions 
along the digestive, respiratory, urinary, and reproductive traets. 

mucus (n.) (MYOO-kuss) A thiek, gel-like substance seereted 
by glands in the digestive, respiratory, tirinary, and reproductive 
traets. 

imiltipolar neuron (mul-tee-PO-lar NOO-ron) A neuron that 
has several dendrites and a single axon. 

myelin (MY-eh-lin) A membranous insulation eonsisting of 
many layers of glial eell membrane around the axon of a nerve 
eell; improves the speed of imptilse conduction. 

myelination (my-eh-lih-NAY-shun) The proeess of forming a 
myelin sheath. 

myocardium (my-oh-KAR-dee-um) The eardiae muscle in the 
wall of the heart. 

myofibril (my-oh-FYE-brill) Slender fihers found in skeletal 
mtisele and extending the length of the eell; eomposed of thiek 
and thin filaments. 

myometrium (my-oh-MEE-tree-um) The middle rrmseiilar layer 
of the uterine wall. 

myosin (MY-oh-syn) Thiek protein filament found in skeletal 
mtisele eells. 

N 

nasal (NAY-zal) Pertaining to the nose. 

nasopharynx (nay-zoh-FAIR-inks) The superior portion of the 
larynx. 

neek a slender region, usually eonneeted to the head of a bone. 

nephron (NEF-ron) The basie functional unit of the kidney. 

nephron loop (NEF-ron loop) A suhdivision of the nephron; 
loeated between the proximal convoluted tuhule and the distal 
convoluted tuhule; also known as the loop of Henle. 
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nerves Long, eable-like structures that extend throughout the 
body; bundles of peripheral neurons held together by several 
layers of eonneetive tissues. 

neurilemma (noo-rih-LEM'mah) The eytoplasmie eovering 
around the axon provided by the Schwann eells; found only in 
the peripheral nervous system. 

neuroglia (noo-ROG-lee-ah) A elass of eell types in neural 
tissue that provides nutrients and a supporting framework to 
neural tissue; does not transmit impulses. 

neurolemmocyte (noo-ROH-lenvmoh-syte) A neuroglial eell 
that wraps itself around peripheral axons to form a proteetive 
eovering. 

neurons (NOO-rons) Conducting eells of the nervous system; 
eaeh eonsists of a eell body, one or more dendrites, and a single 
axon. 

neurotransmitters (noo-roh-trans-MIH-terz) Ohemieal 
messengers released by neurons for the purpose of stimulating 
or inhibiting target eells. 

neutron (NOO-tron) Subatomic partiele in the nucleus of an 
atom; no eleetrieal eharge. 

neutrophil (NOO-troh-fil) Phagoeytie white blood eell; produced 
in bone marrow. 

Nissl Bodies (NISS-ul Bodies) Ribosomal ekisters fotmd in 
neuron eell bodies. 

node of Ranvier (node of rahn-vee-AY) Gaps of exposed axon 
not eovered by a myelin sheath; appear at regtilar intervals in 
some myelinated axons. 

norepinephrine (nor-ep-ih-'NEF-'rin) (NE) A neurotransmitter 
and a hormone; involved in regulating autonomic nervous system 
aetivity; also known as noradrenaline. 

nuclease (NOO-klee-ayz) An enzyme that eatalyzes the 
hydrolysis of niieleie aeids. 

nucleic aeid (noo-'KLAY-'ik ASS-id) Organie molecule found 
in the nucleus; made up of functional units ealled nucleotides; 

e.g., RNA, DNA. 

nucleus Prominent organelle of the eell; eontains DNA 
moleetiles. 

o 

oblique (oh-BLEEK) Diagonal. 

oleeranon (oh-LEK-rah-nohn) The point of the elbow. 

olfaetion (ohLFAK-shun) The sense of smell. 

ooeyte (OH-oh-syte) Immatiire stage of the female gamete. 

oogenesis (oh-oh-JEN-eh-sis) Production of female gametes or 
ova; occurs in the ovaries. 

optie ehiasma (OP-tik kye-AS-mah) Area near the dieneephalon 
where the optie nerves eross over eaeh other to eventiially eon- 
neet to opposite sides of the brain. 


optie nerve (OP-tik nerve) Carries visual information from 
the retina of the eyes to the brain. 

oral (OR-al) Pertaining to the mouth. 

oral eavity (OR-al KAV-i-tee) Spaee within the mouth; 
inelrides lips, eheeks, tongue and its muscles, and hard and 
soft palates. 

orbital (OR-bi-tal) Pertaining to the eye. 

organ (OR-gan) A group of tissues that perform a speeifie 
function. 

organ system (OR-gan SlSS-tem) Varying number and kinds 
of organs arranged in a way to perform complex functions; most 
complex organizational unit of the body; ex: respiratory system. 

organelle (or-gah-NELL) Small internal structures in eells; 
divided into membranoiis and nonmembranotis types; 
ex: ribosome. 

organie (or-GAN-ik) Pertaining to eompotmds that eontain 
hydroearbons (earbon atoms bonded to hydrogen atoms); 
ex: earbohydrates, proteins. 

organism (OR-gan-ism) An individual living thing. 

oropharynx (oh-roh-FAIR-inks) Portion of the pharynx that 
extends between the soft palate and the base of the tongue at 
the level of the hyoid bone. 

osmosis (os-MOH-sis) Movement of water aeross a semi- 
permeable membrane toward the solution eontaining the 
higher solute eoneentration. 

osteoblasts (OS-tee-oh-blasts) Cells that lay down the speeialized 
matrix of bone; responsible for the production of new bone. 

osteoelasts (OS-tee-oh-elasts) Cells that deeompose the matrix 
of bone. 

osteoeytes (OS-tee-oh-sytes) Mature bone eells. 

osteon (OS-tee-ohn) The basie fimetional unit of matiire 
eompaet bone. 

oval window (OH-val WIN-doh) Membranotis stmetiire in 
the inner ear; separates the middle and inner ear; stapes eonneets 
to it. 

ovary (OH-vah-ree) Female gonad; produces ova. 

ovulation (ov-yoo-LAY-shtm) Release of an egg eell ealled a 
seeondary ooeyte from a tertiary folliele in the ovary. 

ovum/ova (OH-vum/OH-vah) Female sex eell; egg eell. 

oxidation Loss of one or more eleetrons from an atom or 
moleetile. 

p 

palpate (PAL-payt) To examine by feeling part of the body. 

panereas (PAN-kree-ass) Slender, elongated organ that lies in 
the abdominopelvie eavity; has the dual function of manufacturing 
digestive enzymes and making hormones such as insiilin. 
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panereatie juice A mixture of seeretions that eontain mostly 
water, salts, sodium biearbonate, and various digestive enzymes; 
seereted by the exocrine aeinar eells of the panereas. 

papilla (pah'PILL-ah) Nipple-shaped mounds. 

parathyroid hormone (PTH) Hormone seereted by the 
parathyroid glands that is the primary regtilator of ealeitim 
homeostasis; inereases ealeitim levels in the hlood. 

parietal (pah-RYE-Ltal) Relating to or forming the wall of an 
organ or eavity. 

parietal eells (pah-RYE-i-tal sells) Cells loeated in the stomaeh; 
seerete hydroehlorie aeid. 

peetoral (PEK-toh-ral) Pertaining to the ehest; between sternal 
and axillary regions. 

pediele (PED-i-kul) Bony structure that attaehes the vertebral 
areh to the body of a vertebra; means “foot”. 

pelvie (PEL-vik) Relating to the pelvis. 

pepsin (pep-SYN) Enzyme made by ehief eells in the stomaeh; 
ftmetions to digest proteins. 

pepsinogen (pep-SYN-oh-jen) An inaetive enzyme seereted by 
ehief eells in the stomaeh; eonverted to the aetive enzyme pepsin 
during gastrie digestion. 

perimysium (pair-i-MISH-ee-um) A eonneetive tissue layer 
that divides the skeletal muscle into a series of eompartments 
or btmdles ealled faseieles. 

perineal (pair-i-NEE-al) The region between the scrotum and 
the anus in males and between the posterior vulva junction and 
the anus in females. 

perineurium (pair-i-NOO-ree-um) Oonneetive tissue sheath 
that stirrotmds a htmdle of nerve fibers within a nerve and holds 
them together. 

periosteum (pair-ee-OS-tee-um) A fibrous layer that eovers the 
bone. 

peristalsis (pair-ih-STAWL-siss) Wave-like ripple of muscular 
eontraetions along the wall layer of a hollow organ, such as the 
small intestine. 

peroxisomes (per-AHK-si-sohms) Cell organelles that absorb 
and neutralize toxins. 

pH Means “potential Hydrogen seale”; a measure of the eoneen- 
tration of hydrogen ions in a solution; seale ranges in value from 
0-14 where 7 is the neutral point; values below 7 are aeidie and 
those above 7 are alkaline. 

phagoeytosis (fag-oh-sye-TOH-siss) Type of endoeytosis; proeess 
in which mieroorganisms or other large partieles are engtilfed by 
the plasma membrane and enter the eell. 

phalanx/phalanges (FAH-lanks/fah-LAN-jeez) The finger bones 
and toe bones. 

pharynx (FAIR-inks) Passageway that eonneets the nose, 
motith, and throat; eommonly ealled the throat. 


physiology (fiz-ee-AHL-oh-jee) Seienee that examines the 
function of the living organism and its parts. 

pia mater (PEE-ah MAH-ter) The highly vasetilar, innermost 
layer of the meninges. 

pinoeytosis (pin-oh-sye-TOH-sis) Type of endoeytosis; proeess 
in which a plasma membrane invaginates to capture some extra- 
eelltilar fluid and brings it into the eytoplasm in a membranotis 
vesiele. 

pituitary (pih-TOO-i-tair-ee) gland Small endoerine gland 
loeated near the base of the brain that releases many different 
hormones; eonsists of two separate glands: anterior pituitary 
and posterior pituitary; referred to as the “master gland” because 
many of its hormones eontrol other endoerine glands in the body. 

plaeenta (plah-SEN-tah) The speeialized organ within the 
uterus that supports embryonie and fetal development; also 
ealled the afterbirth. 

plasma Fluid portion of the blood. 

pliea/plieae (PLYE-kah/PLYE-kee) Transverse folds of the 
intestinal lining. 

polysaeeharide (pol-ee-SAK-ah-ryde) An organie maero- 
molucule; a complex sugar formed by bonding many mono- 
saeeharides together in a long ehain, such as stareh or eelltilose. 

pons (ponz) Part of the brain stem; eonneets the brain stem 
to the cerebellum; eontains relay eenters and is involved with 
somatie and viseeral motor eontrol. 

positive feedbaek A physiologieal meehanism that tends to 
amplify or reinforee the ehange in internal environment. 

posterior (pos-TEER-ee-or) Baek; behind; opposite of anterior. 

postganglionie neuron (post-gang-glee-ON-ik NOO-ron) The 
seeond neuron in the motor output portion of an atitonomie 
reflex pathway; eonneets a ganglion to smooth mtisele or eardiae 
mtisele, or a gland. 

preganglionie neuron (pree-gang-glee-ON-ik NOO-ron) The 
first neuron in the motor output portion of an autonomic reflex 
pathway; eonneets the eentral nervous system to a ganglion. 

premolars (pree-MOHL-larz) See bicuspids. 

prepuce (PREE-pus) The fold of skin that surrounds the glans 
penis in males and elitoris in females; foreskin. 

primary aetive transport Refers to the transport of a speeifie 
substance aeross the plasma membrane, against its eoneentration 
gradient; typieally involves a membrane protein, referred to as a 
“pump,” that uses ATP. 

progesterone (pro-JES-ter-ohn) Female hormone produced by 
the ovaries; prepares the endometrium for possible implantation 
of the embryo and stimrilates milk seeretion in mammary glands. 

prolaetin (pro-LAHK-tin) (PRL) Hormone seereted by the 
anterior pituitary; stimrilates milk seeretion in mammary glands. 
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proliferative phase (PROH-lif'eh-rah-tiv fayz) Seeond phase 
of the uterine eyele; involves reestablishing a portion of the 
endometrium. 

prophase (PRO-fayz) Initial stage of mitosis; evident when the 
ehromosomes beeome visible. 

prostate gland (PROSS-tayt) Small, muscular, roimded organ; 
prodtiees a weak aeidie seeretion that contrihutes to about 30% 
of the volrime of semen. 

protease (PRO-tee-ayz) Enzyme that eatalyzes the breakdown 
of proteins into intermediate compounds. 

protein (PRO-teen) Organie macromolecule with a long, eom- 
plex polymer structure and a variety of functions; structural units 
are amino aeids. 

proton (PRO-ton) Positively eharged subatomic partiele; loeated 
in the nucleus of an atom. 

proximal (PROK-sih-mal) Refers to the region or referenee 
toward an attaehed hase; opposite of distal. 

proximal convoluted tubule (PROK'SÌh-mal kon-voh-'LOO-'ted 
TOOB-yool) Part of the nephron in the kidney; loeated between 
the glomemlar capsule and the nephron loop; primary site of 
reahsorption of nutrients from the filtrate. 

pubic (PYOO-bik) Relating to the region of the pubis. 

pubis (PYOO-hiss) The articulation hetween the two coxal 
bones. 

pudendum (pyoo-DEN-'dmn) Region enelosing the female 
external genitalia; usually ealled the vulva. 

pulp eavity (pulp KAV-i-tee) A spongy, highly vascular eavity 
in the tooth. 

pupil (PYOO-pill) Oentral opening in the iris of the eye that 
allows light to enter the eye. 

Purkinje (pur-KIN-jee) fibers Speeialized eardiae muscle eells 
that extend out to the lateral walls of the ventrieles and papillary 
muscles; conduct imptilses from the AV bundle, stimulating heart 
eontraetion. 

pylorie sphineter (pye-'LOR-'ik SFINGK-ter) A muscular strne- 
ture that regiilates the release of ehyme from the stomaeh to the 
duodenum. 

R 

ramus (RAY-mus) A braneh, such as the vertieal seetion of hone 
in the mandible that eonneets it to the skull. 

reabsorption Seeond step in urine formation; movement of 
substances out of the renal tubules and into the blood. 

rectum (REK-tum) Last segment of the large intestine; end of 
the digestive traet. 

rectus (REK-tus) Straight. 

reduction Gain of one or more eleetrons by an atom or molecule. 


renal (REE-nal) Pertaining to the kidney. 

renin (REH-nin) An enzyme produced by the nephrons in 
the kidneys; eonverts angiotensinogen to angiotensin I in the 
plasma. 

rete testis (REE-tee TES-teez) A maze of passageways formed 
from the seminiferous tubules and loeated within the mediastiniim 
of the testis. 

retina (RET-i-nah) The inner layer of the eye; eontains the 
photoreeeptor eells of the eye. 

ribosomes (RYE-boh-sohms) Cellular organelles that are the 
sites of protein synthesis; eomposed of two subunits. 

round window (round WIN-doh) A thin, membranous partition 
that separates the eoehlear ehambers from the air spaees of the 
middle ear. 

rugae (ROO-gee) Longitudinal folds that line the inner wall of 
the stomaeh. 

s 

saeral (SAY-kral) Pertaining to the saemrn. 

saggital (SAJ-i-tal) Runs along with the long axis of the body. 

sagittal plane (SAJ-i-tal plane) Extends from anterior to 
posterior and divides the body into right and left seetions. 

sareolemma (sar-koh-LEM-ah) Plasma membrane of a skeletal 
muscle eell. 

sareomere (SAR-koh-meer) Contractile unit of a muscle eell. 

scapula (SKAP-yoo-lah) Shoulder blade. 

Schwann eell (shwon sell) See nemolemmoeyte . 

selera (SKLAIR-ah) The dense fibrous, white outer eovering 
of the eye. 

scrotum (SKRO-tum) Pouchlike sae, divided into two ehambers; 
eontains the testes. 

sebaceous gland (seh-BAY-shus gland) Holoerine gland that 
seeretes a waxy, oily seeretion into the hair follieles. 

seeondary aetive transport Typieally involves eo-transport of 
substances aeross the plasma membrane; does not use ATP; relies 
on the eoneentration gradients established by primary aetive 
transport. 

seeondary ooeyte (SEK-on-dair-ee OH-oh-syte) Ovum released 
at ovulation. 

seeond messenger An intracellular moleetile, such as eyelie 
AMP, produced in response to a first messenger (ex: hormone) 
binding to its plasma membrane reeeptor; triggers a ehemieal 
ehain reaetion within the target eell, causing cellular ehanges. 

seeretin (seh-KREE-tin) A digestive hormone produced by 
duodenal mucosa; stiimilates seeretion of panereatie juice rieh 
in biearbonate ions. 
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seeretion Production and release of a ehemieal sribstanee from 
a eell; ex: neurotransmitters from a neuron. 

seeretory phase (SEEK-reh-toh-ree fayz) The last and longest 
phase of the uterine eyele; eharaeterized by thiekening of the 
endometrium in preparation for possible implantation of a human 
embryo. 

segmentation Mixing movement; occurs when digestive reflexes 
cause a forward'and-backward movement within a single region 
of the digestive traet. 

semen (SEE-men) Fluid released from the penis during 
ejaeiilation; eontains sperm and seminal fluid produced 
hy various glands. 

semicircular eanals (sem-i-SIR-kyoo-lar kah-NALS) Three 
bony rings loeated in the inner ear; eontain fluid-filled ducts 
that, in turn, eontain reeeptors that function to maintain 
dynamie equilibrium. 

semilunar valve (sem-i-LOO-nar valv) Pair of heart valves 
loeated at the exit point of eaeh ventriele; eaeh valve has three 
pouch-like flaps; eonsists of the pulmonary and aortie valves. 

seminiferous tubules (seh-mih-NIF-er-us TOOB-yools) 

A tightly eoiled structure that is loeated in eaeh lobtile of 
the testis; site where spermatozoa develops. 

septum/septae (SEP-tum/SEP-tee) A terminal partition that 
divides an organ. 

serosa (seh-ROH-sah) A serous membrane that eovers most 
of the digestive traet. 

simple diffusion See diffnsion. 

sinoatrial (sye-NOH-AY-tree-al) (SA) node Primary paeemaker 
of the heart; speeialized mass of eardiae muscle eells loeated in 
the wall of the right atrium that play a role in eleetrieal conduc- 
tion system within the heart. 

sinus (SYE-nus) A eavity or spaee in a tissue; a large dilated 
vein. 

sodium-potassium pump Protein pump that uses aetive trans- 
port; loeated in the plasma membrane of most eells; exchanges 
three soditim ions moved out of the eell for two potassium ions 
brought into the eell; also known as the sodium-potassium 
ATPase. 

soft palate (soft PAL-let) The portion of the roof of the mouth 
that lies posterior to the hard palate. 

solute Dissolved substance(s) in a sohition; ex: salt. 

solution (suh-LOO-shun) Mixture in which a solute is dissolved 
in a solvent; ex: salt water. 

solvent Liquid portion of a solution; dissolves the solute; 
ex: water. 

soma (SO-mah) Cell body. 
sperm See spermatozoon. 


spermatie eord (sper-MAT-ik eord) A layer of faseia, tough 
eonneetive tissue and muscle surrounding the ductus deferens, 
and the blood vessels and nerves of the testes. 

spermatogenesis (sper-mah-toh-JEN-eh-sis) Production of 
sperm eells; occurs in the testes. 

spermatozoon/spermatozoa (sper-mah-tah-ZOH-ohn/sper-mah- 
tah-ZOH-ah) Sperm eell; male gamete or sex eell. 

spindle fiber (SPIN-dul FYE-ber) Network of tubules in the 
eell that extends between the eentriole pairs. 

spine slender, pointed proeess on a bone; site for muscle 
attaehment. 

spongy bone (SPUN-jee bone) Type of bone that has a porous 
network of bony plates; also known as cancellous bone. 

stapes (STAY-peez) The inner ear bone; also ealled the stirrup. 

stem eells Non-speeialized eells that have the ability to divide 
continually to form new types of more speeialized eells. 

steroids A large elass of lipids eharaeterized by a earbon ring 
ehemieal structure; aet as eomponents for eells and regtilate body 
function; e.g.: eholesterol. 

stimulus Any agent that induces a response; eatises a ehange 
in an excitable tissue. 

striation (STRYE-ay-shun) A striped or banded appearanee 
such as that found in skeletal muscle eells and eardiae muscle 
eells. 

submucosa (sub-myoo-KOH-sah) A layer of loose eonneetive 
tissue in the wall of the digestive traet; large blood vessels, 
lymphatie vessels, and nerve fibers are found here. 

sulcus (SUL-kus) A shallow depression. 

superficial (soo-per-FISH-al) On the surface; opposite of deep. 

superior (soo-PEER-ee-or) Above; opposite of inferior. 

surface tension The foree of attraetion between water moleetiles 
as a resnlt of hydrogen bonding; ereates a thin surface film on 
water. 

surfactant (sur-FAK-tant) Ohemieal mixture that eontains 
lipids and proteins and eoats the inner surface of eaeh alveolus 
in the limgs; reduces surface tension. 

suture (SOO-chur) The boundary between the skull bones; 
immovable joint. 

synapse (SIN-aps) Speeialized jimetion where a neuron 
eomimmieates with another eell, such as another neuron 
or a miisele eell. 

synovial fluid (sih-NO-vee-all FLOO-id) Thiek and eolorless 
lubricating fluid seereted by synovial membranes. 

synovial joint (sih-NO-vee-all joynt) Freely movable joint; 
most numerous and anatomieally most complex joint in the 
body. 
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synovial membrane (sih-NO'vee-all MEM"brayne) Oonneetive 
tissue membrane that lines the spaees between bones and joints; 
seeretes synovial fluid. 

systole (SISS'toh-lee) Oontraetion of both atria and both 
ventrieles in the heart; opposite of diastole. 

T 

tarsals (TAR-sals) Ankle bones. 
tarsus (TAR-sus) Ankle. 

telophase (TEL-oh-fayz) Stage of mitosis; nuclear membrane 
forms, nuclei enlarge, and ehromosomes gradually uncoil and 
disappear. 

temporal (TEM-poh-ral) Pertaining to the temples on the sides 
of the head, above the zygomatie areh. 

tendon (TEN-don) A eable-like, fibrous eonneetive tissue that 
eonneets skeletal mtisele to bone. 

tertiary folliele (TER'shee'air-ee FOL-lih-kul) Mature ovum in 
ovary; also known as Graafian folliele or vesietilar folliele. 

testis/testes (TES'tiss/TES-teez) The male gonad that prodtiees 
sperm. 

testosterone Prineipal male sex hormone; produced by inter- 
stitial eells in the testes; responsible for growth and maintenanee 
of male sexual eharaeteristies and for sperm production. 

thalamus (THAL'ah-mus) Loeated in dieneephalon of the 
brain; final relay point for aseending sensory information that 
will be sent to the eerebmm. 

thoraeie (tho-RASS-ik) Pertaining to the ehest. 

thromboeyte (THROMToh-syte) A blood eell that has a role 
in elotting: also known as a platelet. 

thrombus (THROM'bus) Stationary blood elot. 

thyroid gland (THY-royd gland) Endoerine gland loeated near 
the traehea in the neek; prodtiees the hormones T 3 , T 4 and 
ealeitonin. 

thyroid stimulating hormone (TSH) Hormone seereted by 
anterior pitriitary; stimulates thyroid gland to produce the 
hormones T 3 and T 4 . 

thyroxin (T 4 ) (thy-ROK-syn) Hormone produced by the thyroid 
gland; influences metabolie rate, growth, and development. 

tissue (TISH-yoo) Group of similar eells that perform a eommon 
function. 

tonsil (TAHN-sil) A large nodule eontaining masses of lymphoid 
tissue: loeated in the walls of the pharynx. 

traehea (TRAY-kee-ah) Long tube between the larynx and the 
primary bronehi that serves as air passageway; windpipe. 

transverse plane (TRANS-vers plane) A division that lies at 
right angles to the long axis of the body; divides the body into 
superior and inferior seetions. 


tricuspid valve (try-KUS-pid valv) The right atrioventrieiilar 
(A'V) valve in the heart loeated between the right atrium and 
right ventriele. 

triiodothyronine (T 3 ) (try-eye'oh-doh-THY'roemeen) Hormone 
produced by the thyroid gland; regulates metabolie rate, growth, 
and development. 

troehanter (troh-KAN-ter) Large bump on a hone; site for 
muscle attaehment. 

troehlea (TROHK-lee-ah) A bone proeess that resembles a 
ptilley. 

tubercle (TOO'ber-kal) Small hump on a hone;. 

tuberosity (tooTah'ROS-i'tee) Bump on a bone; smaller than 
a troehanter. 

tympanie membrane (tim'PAN-ik membrane) The eardmm. 

u 

umbilical eord (um-'BIL-'i-kul eord) The vasetilar stmetiire that 
eonneets the fetus to the plaeenta. 

unipolar neuron (YOO-nee-POH-lar NOO-ron) A neuron in 
which the dendrite and axonal proeesses are continuous, and the 
eell body lies off to the side. 

ureters (YOOR-eh-ters) Pair of long, slender, muscular mhes 
that transport urine from the kidneys to the urinary hladder. 

urethra (yoo-REE-thrah) A passageway that transports urine 
from the neek of the tirinary bladder to the exterior; in males, 
also aets as a passageway for spermatozoa to the exterior. 

uterine tubes (YOO-ter-'in tubes) Hollow muscular rnbes that 
transport a seeondary ooeyte to the uterus; also known as 
oviducts or Fallopian tuhes. 

uterus (YOO-ter-us) Hollow muscular organ that provides 
meehanieal proteetion, nutritional support, and waste removal 
for a developing embryo. 

v 

vagina (vah-JYE-nah) Muscular passageway in the female that 
eonneets the uterus with the exterior genitalia. 

vas deferens (vas DEF-er-enz) See ductus deferens. 

vascular (vas-KYOO-ler ) Pertaining to the blood vessels. 

veins (vanes) Vessels that eolleet blood from tissties and organs 
and retiirn it to the heart. 

ventral (VEN-tml) Anterior or belly side in humans; opposite 
of dorsal. 

ventriele (VEN-tri-kul) Cavity or ehamber. 

venule (VEN-yool) Mieroseopie blood vessel that eonneets 
eapillaries to small veins. 
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villus (VIL-us) Finger-like extension of mucous membrane of 
small intestine. 

vitreous humor (VIT-ree-us humor) A gel-like mass that fills 
the posterior ehamber of the eye; helps maintain shape of the 
eye and give support to the retina. 

w 

white matter (whyte MAT-ter) Nerve fibers that are eovered 
with the myelin sheath. 


Y 

yolk sae (yohk sak) The first of the extraembryonic membranes 
to appear; an important site for blood eell production. 

z 

zona pellucida (ZOH-nah pel-LOO-sih-dah) A region formed 
between the innermost follietilar eells and the developing 
ooeyte. 

zygote (ZYE-goht) Fertilized egg eell. 
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abbreviations and symbols in the 
book, 3 
abdominal 
aorta, 316 

arteries, 312, 316-317 
eavity, 306-307, 380, 419 
mnseles, 170-171, 174-175 
veins, 326-327 
abdominopelvie regions and 
quadrants, 22-23 
absorption (digestive), 384-385, 
394,396-397 

aeeessory structures 

(integumentary), 106 
ACE enzyme, 442 
acetabulum, 148, 149 
aeetyleholine (ACh), 192, 200, 
234, 252-253 
aeetyl CoA, 400, 406,412 
Aehilles’ tendon, 85 
aekbbase balanee, 432-435 
aeini, panereatie, 386, 388 
aeromion proeess, 140 
aerosome, 452 

ACTH hormone, 250, 256-257, 
258-259 

aetin, 162-163, 164-165 
aetion potential, 194-195, 
200-201, 204-205 
aetive membrane transport, 
44-45, 52-53 
Adam’s apple, 91, 344 
ADH hormone, 220, 242, 

248-249,310-311,436-437 
adhesion belt, 62-63 
adipoeyes, 76, 80-81, 107 
adipose tissue, 76-77, 80-81, 168, 
412. See also eonneetive 
tissues 

ADP, 42-43, 58, 166-167, 
168-169, 243 
adrenal 

cortex, 254-259 
gland, 230, 239, 254-259 
medulla, 252-253,310 
adrenaline, 192 
age differenees (brain 
hemisphere), 224 
agranulocytes, 275, 276 
aldosterone, 254-255, 443 


alveoli, 65, 344-345, 347, 358 
stmetiire, 350-351 
amino aeids, 40-41, 168-169, 
240, 242, 366, 370, 380, 

384- See also protein(s) 
as fuel source, 414 
in kidney, 424—428 
ammonia, 400, 414 
amniotie sae and fluid, 472 
amylase, 376, 388-389 
anabolie reaetions, 400 
androgens, 258 

androgen'binding protein (ABP), 

454 

angiotensin 1 and II, 310, 426, 
442-443 
ankle 

anions, 56 
bones, 152, 154 
ìmiseles, 180-181 
ANP, 310-311 

antibodies, 26, 336-337, 340-341 

antibody-mediated immunity 

(AMI), 340-341 
antbeodons, 40-41 
antigens, 336-337, 340-341, 452 
antigeii'antibody complex, 340 
antigen binding sites, 340-341 
antmm, 466, 468 
anus, 394 
aorta 

abdominal, 316 
heart, 296 
apidoeyte, 107 
apnea, 362 

appendieiilar skeleton, 140. 

See also skeletal/skeleton 
appendix, 394, 396 
aqueous humor, 264 
araehnoid, 206 
arm and forearm miiseles, 

170-171, 174-175, 176-177 
arteries, 51, 294-296, 294-296, 
312-313 

abdominal, 312, 216-317 
arm, 312 
braehial, 300 
earotid, 226, 298, 362 
eoronary, 282 
head and neek, 312, 314 
hepatie, 390 


interlobular, 422 
leg, 312 

lower limb, 296, 320-321 
ovarian, 464 
pelvis, 320-321 
pulmonary, 350 
renal, 418 
shoulder, 312 
thigh, 312 

thorax, 312, 318-319 
umbilical, 472 
upper limb, 318-319 
arterioles, 50-51, 294-295, 302, 
422, 426, 436 
articular proeesses, 136 
articulations, 158. See also joints 
atheroselerosis, 298 
atlas, 132-133 
atmospherie pressure (AP), 
348-349 
atoms, 26 

ATP, 32, 42-43, 46, 52-53, 54, 
58, 166-167, 168-169, 226, 
242-243, 244, 256 
in metabolism, 400, 402-403, 
404-405,410,414 
synthase, 408-409 
in testes, 452 

atria (heart), 280, 284, 286, 290, 
296 

atrioventrieiilar (A'V) valves/ 
nodes, 284-285, 290, 
292-293 
auditory 

cortex of brain, 216-217 
meatiis and tube of ear, 266 
stiimili, 216 
auricle, 266 

aiitonomie nervous system 

(ANS), 208-209, 220-221, 
232-233, 368, 376 
autoregulation 

of blood pressiire, 310-311 
ofGFR, 426 
axial skeleton, 114. 

See also skeletal / skeleton 
axis, 132-133 

axons, 102-103, 188, 190-191, 
192-193 
in ANS, 232 
motor, 206 


myelinated and unmyelinated, 
196, 198, 202, 206 
sensory, 206 

baek mriseles, 170-171, 182-183 
bacteria(um), 274, 334, 336 
barometer, 348, 352 
baroreeeptors, 292-293, 310-311 
basement membrane, 50, 51, 62, 
302 

basophils, 276-277 
Beells, 336-337,340-341 
BCOP, 424-425 
beta oxidation, 412 
biearbonate, 428, 434 
bicuspid valve, 284 
bile and bile ducts, 370, 390, 392 
blastoeyst, 470-471 
blind spot, 264 
blood, 26, 50 
absorption into, 384 
ealemm, 246-247 
eapillaries, 280-281, 296-297, 
334,380,384, 441,440 
eells and eell types, 274-275 
circulation, 296-297 
elotting, 274, 390 
eolloidal osmotie pressure 

(BCOP), 304 
enzymes, 240 
flow, 280, 298-299 
gkieose, 244-245, 252-253, 
256 

osmotie pressiire, 436 
oxygenation, 226, 280, 282, 
294, 296, 298,316,326 
P H, 356, 430, 432-433, 434 
plasma, 50, 296, 334, 418 
P0 2 , 352, 356 
testis barrier, 452 
blood pressure, 50, 186, 254-255, 
300-301,308,310-311, 

424, 426, 436, 442 
blood vessels, 26, 50, 252-253, 
280, 292-293, 294-297, 

298. See also arteries; veins 
eonstrietion, 310-311 
peripheral, 308, 426 
body 

eavities, 20-21 
membranes, 20-21 


493 


INDEX 


l 


odor, 106 
planes, 14-15 
temperature, 310, 356, 362 
boltis, 370, 376 
bone(s) 

ankle, 152, 154 

ealeaneiis, 154 

earpal, 144, 146-147 

eompaet, 94-95, 110, 112-113 

cuboid, 154 

etmeiform, 154 

ethmoid, 122-123 

fetal, 89 

hamate, 146 

heel, 154 

hip, 148 

long, 110-111 

marrow, red, 340-341 

palatine, 128-129, 372 

pubis, 148, 149 

shin, 152 

sphenoid, 124-125, 126, 248, 
250 

spongy, 94, 110, 112-113 
talus, 154 
temporal, 120-121 
tissue, 94-95 
zygomatie, 120 
Boyle’s law, 348-349 
braehial region, 142 
brain. See also cerebellum; 
eerebmm 

hemispheres, 224-225 
as memory eenter, 187 
metabolism, 226-227 
neurons, 190, 226 
sensory assoeiation area, 186, 

204 

ventrieles, 214-215 
brain stem, 220-221, 362, 432 
breastbone, 128 
breathing meehanies / rate, 
348-349, 362, 432. 

See also respiration 
Broea’s area, 216 
bronehi/bronehiole, 252-253, 
344, 362 

buccal eavity, 372 
btiffer systems, 432-433 

ealeaneal, 85, 181 
ealeitonin, 246-247 
ealeitim, 200-201, 428 
blood, 246-247 
ealyees, 420-421 
eAMP, 242-243 
eanalietili, 94, 112 
bile, 390 

eapillaries, 50-51, 62-63, 
294-296, 302-303 
beds, 302-303, 304-305, 350 


blood, 280-281, 334, 380, 384, 
431,440 
eoronary, 296 

glomemlar and peritubular, 

296 

hydrostatie presstire (CHP), 

304 

in liver, 390 
lymphatie, 334-335 
network, 248-249, 250-251, 
295 

perimbtilar, 428, 429-430, 
430-431 

ptilmonary / lung, 296, 354 
types of, 302-303 
capitulum, 142 
earbaminohemoglobin, 358 
earbohydrases, 386 
earbohydrate metabolism, 
402-403 

earbohydrates, 366, 368, 376, 
384-385, 390, 396, 400-401 
earbon dioxide, 26, 46, 280, 296, 
302, 362 

in breathing, 348, 350, 352, 
354 

in metabolism, 402, 406, 414 
in tirinary system, 432-435 
earbonie aeid, 358, 432-433 
carboxypeptidase, 388 
eardiae 

aeeelerator nerve, 292-293 
arrest, 226-227 
eyele, 290-291 

muscle, 98-99, 286-287, 288, 
290, 296 
veins, 184 

eardiae output (CO), 308-309, 
310 

eardiovasetilar eenter (brain), 
292-293,308,310-311 
eardiovasetilar system, 26-27, 
280-281,334 
earpal bones, 146-147 
eartilage, 88 

articular, 110, 158 
eostal, 89, 138-139 
definition, 280 
elastie, 89-90 
fibro, 92-93 
hyaline, 88-89, 110 
eatabolism/ eatabolie reaetions, 

366,384, 400,412 
eateeholamines, 252-253 
eations, 56 

CCK, 368, 370-371, 388, 392 
cecum, 394, 396 
eell(s), 26, 32-33, 42 
adipose, 412 
B, 336-337,340-341 
blood, 50, 274-275 


body, 102-103, 188, 193, 
192-193, 194-195, 197, 

199, 226 
CPCs, 252-253 
eyele, 36-37 
datighter, 36, 38, 39 
division, 36, 38-39 
egg, 458 

epithelial, 62-63, 384, 386, 
388, 426 
goblet, 384 
granulose, 462 
gustatory, 268 

hormone-prodtieing, 234, 238, 
250-251 

interstitial (Leydig), 452, 454 
juxtaglomerular (JG), 

426-427, 442 
liver, 296, 392, 400, 410 
lysed, 338-339, 340 
membrane, 32, 44 
memory, 338-339 
mtieotis, 376, 378 
olfaetory reeeptor, 270 
panereatie, 370 
parietal, 378 

phagoeytie, 276, 336, 338, 390 
plasma, 340-341 

S, 370 
serotis, 376 

sertoli/sustentacular, 452, 454 
sex, 446 
sperm, 452, 454 
stem, 338, 452, 462 
stmettire and function, 58-59 
surfactant'secreting, 350 

T, 336-337, 338-339 
target, 238, 242, 252 
tropoblast, 470 

eell-mediated immtmity (CM1), 
338-339 

eelltilar respiration, 32, 402-403 
eementtim, 374 
eentral nervotis system (CNS), 
186, 190 
eentrosome, 32 
eephalie phase of digestion, 
368-369 

cerebellum, 210, 211, 214-215 
eerebral 

aqueduct, 214 

cortex, 204, 216-217, 222, 

252,362-363, 368 
eerebrospinal fluid, 50, 206, 362 
eerebmm, 186-187, 268, 270 
cervix, 458, 460 
ehemieal messengers, 454, 460. 

See also hormones 
ehemoreeeptors, 292-293, 

310-311,362-363,368, 426 
chewing, 376-377 


ehloride, 200 
ehloride shift, 358, 428 
eholeeystokinin (CCK), 368, 
370-371,388, 392 
eholesterol, 390, 412 
ehondroeytes, 88-89, 90, 92-93 
ehordae tendineae, 284-285 
ehoroid, 264-265 
CHP (eapstilar hydrostatie 
presstire), 424-425 
ehromosomes, 36, 462 
diploid and haploid, 452 
ehylomieron, 384 
ehyme, 368, 370, 378, 388, 392, 
395, 396 

ehymotrypsin and eholeeyston, 
388 

eilia, 32, 62, 68, 70,71 
in eye, 264 
olfaetory, 270 

circulation, blood, 296-297 
circumcision, 450 
eitrie aeid eyele, 168-169, 400, 
402-403, 404-405, 
406-407,408,412-413, 
414-415 

elaviele, 138, 140-141 
elitoris, 446, 456 
coccyx, 130, 131, 148 
eoehlea (ear), 266-267 
eodons, 40-41 
eollagen, 76-77, 78, 80, 82, 
84-85, 86-87, 92, 94 
eollarbone, 140 
eoenzymes, reduced, 406, 412 
eolon, 394-395, 396 
eondyles, 150 
eones (eye), 264 
eonneetive tissties 
adipose, 80-81, 106 
areolar, 78-79, 106, 202 
blood, 274 

dense (fibrous) regular, 84-85 
dense irregtdar, 86-87, 106, 
202 

faleiform ligament, 390 
loose, 78-79, 80, 82 
in lungs, 350 
periosteum, 110 
reticular, 82-83 
eonvohition, definition, 210 
Cori eyele, 410-411 
eoronary blood vessels. 

See also eardiae 
circulation, 282 
eorpora 

eavernosa, 450 
quadrigemina, 210 
spongiosum, 450 
corpus 

albieans, 464, 466 
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callosum, 224-225 
luteum, 462, 466, 468 
corpuscle, 106 

lamellated, 204-205 
renal, 422 
eortisol, 256-257 
countercurrent exchanger, 

440-441 

countercurrent miiltiplier, 
438-439 

eovalent bonds, 42-43 
CPCs, 252-253 

CPR (in eardiae arrest), 226-227 
eranial nerves, 232-233, 270, 

368 

ereatine (C) and ereatine 

phosphate (CP), 168-169, 
430 

CRH, 256-257, 259 
eribriform plate, 122 
erista galli, 122 
eystie duct, 392 
eytokinesis, 36 
eytoplasm, 36, 40-41, 190, 
240-242, 276 
eytoskeleton, 32, 34 
eytosol, 58, 62, 384, 404 
cytotoxic T eells, 220-221, 338 

Dalton’s law, 352 
deamination, 400, 414 
dendrites, 102-103, 188, 190, 
192-193, 197, 199, 200-201 
dental artery and vein, 374 
dermis, 86-87, 106. See also skin 
desmosomes, 62-63 
DHEA, 258 
diaphragm, 306, 390 
diaphysis, 110, 144 
diastole, 290 

dieneephalon, 210-211, 222 
diffusion, 44-45, 46-47, 56, 302 
faeilitated, 384, 404 

of oxygen and earbon dioxide, 
352-353 

digestion, 366-367 
ehemieal, 366, 382, 384, 386, 
388, 392 

hormonal regulation of, 

370-371 
meehanieal, 366 
neural regiilation of, 368-369 
digestive 

enzymes, 32, 366-367, 386, 
388,452 
organs, 296 

system, 26-27, 366, 367 
traet, 296, 302, 368, 382, 384, 
400 

direetional terms, 16-17 
disaeeharides, 376 


DNA, 32, 36, 38-39, 40,41, 
240-241 

duodenum, 368, 370, 380-384, 
386,388,392 
dura mater, 206 

ear, 266-267 
eartilage, 90-91 

E. eoli bacterium, 394, 395, 396 
ECG/EKG, 288-289, 290 
EEG, 218-219 
egg eell. See ovaries / ova 
elastin, 76-77, 78, 80, 82, 86 
eleetrolytes, 376, 394, 396 
eleetron transport system (ETS), 
168-169, 400, 402, 404, 
405,408-409,410-412, 

414, 428-429 
embohis, 298 

embryo, human, 446, 456, 468, 
470 

emotions, regulatory areas of 
brain, 210,216-217 
eimilsifieation, lipid, 388, 392 
endoeardiiim, 284 
endoerine system / glands, 26, 
192,220, 221,238-239 
endoeytosis, 54-55 
endometrium, 202, 446, 458, 

460, 468, 470 
endomysium, 162 
endoneurium, 202 
endoplasmie reticulum (ER), 32, 
190 

endostetim, 110 
energy 

free, 42-43, 46, 52, 54, 58, 169 
kinetie, 408 
metabolism, 400-401 
potential, 56-57 
enzymes, 32, 34, 36 
ACE, 442 
ATPase, 42-43 
in blood, 240, 242, 432 
digestive, 32, 338, 366-367, 
400, 452 
liver, 410 

in muscle eontraetion, 168 
panereatie, 368, 388 
RAA, 442 
eosin dye, 276 
eosinophils, 276-277 
epiearditim, 284 
epidermis, 73, 73, 106, 336 
epiglottis, 344 
epimysium, 162 
epinephrine, 192, 234, 242, 
252-253,308,310-311 
epineurium, 202 
epiphysis, 110, 112 
epithalamus, 210-211 


epithelimn 
germinal, 564 
pseudostratified eohimnar, 

70-71 

simple columnar, 68-69, 
384-385, 460 

simple cuboidal, 66-67, 464 
simple squamous, 50, 51, 
64-65,206, 280,334,350 
stratified squamous, 72-73, 

269,460 

stratified transitional, 74-75 
equilibrium, 46, 47, 48, 266-267 
erythroeytes, 274-275 
esophagus, 344-345, 347, 368, 
370, 376, 382 

estrogen, 238, 446, 462, 464, 466, 
468 

ethmoid, 122-123 
Eustachian tube, 266 
exercise, 362, 432. 

See also metabolism 
exocytosis, 54-55, 338 
extensor digitomm, 176-177 
extracellular fluid (ECF), 56, 
194-195, 196, 198, 254, 

438, 440 

eye, 187, 262-265 
movement, 216 

faeial muscles, 170-171, 172-173 
fainting, 306 
Fallopian tube, 460. 

See also uterus 
faseieles, 162, 202 
fatty aeids, 34, 168, 169, 366, 
370,380,384,388,400,412 
feeal waste /feees, 396. 

See also waste products 
female reproductive system, 447, 

456-474 

femur, 113, 148, 150-151 
fenestrae, 422 

fermentation, 168-169,410-411 
fertilization, 446, 452, 470 
fetus, 470, 472 
fever, 336 
fibers, 77 
eollagen, 84-85 
Purkinje, 287-288 
fibroblast(s), 76, 78, 80, 82, 
84-85, 86-87 
fibula, 152-153 

fight'OrTlight response, 192, 230, 
252 

filaments, 62, 162, 164 
filtrates, 418, 422, 424, 426, 428, 
431 

filtration, 50-51, 304-305 
glomemlar, 422, 424-425 
rate, 426-427 
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fimbriae, 458, 460 
fissure, definition, 210 
flagelhim, 452 
fluid exchange, 296 
follieles (female), 462-463, 464, 
466, 468 
fontanels, 119 
foot, 154-155 
mtiseles, 180-181 
foramen / foramina 

apieal, 374 

definition, 126 
interventricular, 214-215 
magnum, 117, 118 
obturator, 148 
olfaetory, 122 
ovale, 124 
saeral, 130 
sphenoidal, 126-127 
transverse, 132 
vertebral, 124, 134 
formed elements (blood), 274 
fossa eoronoid, 142 
fovea eentralis, 264 
frenulum, 372 
frtietose, 384 
FSH hormone, 242, 250, 
446-447, 454, 466, 468 

galaetose, 384 

gallbladder, 370, 371, 392-393 
gamete (egg), 446, 460, 462, 464 
ganglia (ANS), 228, 230, 232 
gap junction, 62-63 
gas exchange, 296, 304 
gastrie 

digestive phase, 368-369 
juice, 336, 378-379 
motility and emptying, 379 
seeretions, 368, 370-371 
gastrin, 368,370-371,378 
gender differenees 
brain hemisphere, 224 
GFR, 426-427 
heart rate, 308 
reproductive, 446 
genitalia, male and female, 446, 
456-457. See also 
reproductive systems 
gingivae /gums, 372 
gland(s), 26, 192-193, 238-239. 
See also individtial gland 
entries 

aeeessory (reproductive), 
446-447 

adrenal, 230, 234, 239, 252-255 
bulbourethral, 446, 456 
endoerine, 192, 248, 386, 388, 
466, 468 

endrometrial, 468 
exocrine, 376, 386, 388 


495 



INDEX 


l 


laerimal, 232 
olfaetory, 270 
parotid, 376 
prostate, 446 
salivary, 376-377 
sebaceous, 106-107 
sweat, 106, 436 
thyrmis, 338 
thyroid, 239 
vestibular, 446, 468 
glans, 450 

glomemlar hydrostatie pressure 
(GHP), 424-425 
glomerulus, and glomemlar 
capsule, 50, 422, 424, 426, 
428, 429, 438 
glottis, 344 

glucagons, 244-245, 386, 388 
glucocorticoids / gluconeogenesis, 
256 

glucose, 44, 168-169, 226-227, 
252, 292, 306, 384, 390, 

400, 402,408,410,412,414 
blood, 244-245, 256 
in kidney, 428 

gluteal region muscles, 182-183 
glyeerol, 380, 384 
glyeogen, 168, 169, 244-245, 

252, 468 

glyeolysis, 168-169, 400, 402, 
403, 404-405, 410 
glyeoproteins, 34, 242 
GhRH, 454, 466, 468 
Golgi complex, 32 
gonads, 296, 446-447. See also 
female reproductive system; 
male reproductive system 
blood vessels in, 316, 326 
graded potential, 204 
Graffian folliele, 462, 466, 468 
granulocytes, 275, 276 
gray matter, 208, 228 
spinal, 206-207 

groiind substance, 76-77, 78, 80, 
82, 84, 86, 274 
growth hormone (GH), 250 
gustatory cortex, 216-217 
gyms, definition, 210 

hair follieles and shafts, 106 
hamstrings, 178-179 
hand, 146-147 
haustra, 394, 396 
Haversian systems, 94, 112 
head, 172-173 
arteries, 312, 314 
veins, 322, 324-325 
hearing, 266-267 
heart, 26-27, 98-99, 280, 283, 
284-287, 290-291, 294-297 
atria, 284 


circulation, 282-284 
conduction system, 286-287, 
288 

rate, 252-253, 292, 308-309, 
310 

valves, 284 

ventrieles, 214, 280, 284, 300 
heart attaek. See myoeardial 
infaretion 
helper T eells, 338 
hematoxylin, 276 
hemoglobin, 354-355, 356 
Henry’s law, 352 

hepatie system, 296, 326, 390-391, 
392. See also liver 
hepatoeytes, 390, 392, 414 
Hering'Breuer reflex, 362 
hip, 150 

muscles, 170-171 
hipbone, 148 
hippocampus, 222 
homeostasis, 26, 28-29, 230, 238 
ghieose, 256 
mineral, 254 

homologoiis stmetLires, 456 
hormones, 26, 101, 192, 192-193, 
238. See also individual 
hormone entries 
blood pressure regulation, 
310-211 

digestive regulation, 368, 
370-371 

gonadotropin, 466 
non'Steroid, 242-243 
in ovarian eyele, 466-467 
panereatie, 386 
in pregnaney, 472 
-reeeptor complex, 240, 242 
regulation of GFR, 426 
reproductive, 446 
in sperm eell production, 
454-455 
steroid, 240-241 
humerus, 111, 140, 142-143, 

144, 177 

hydroehlorie aeid, 368, 370 
hydrogen sulfide, 396 
hydrolysis (ATP), 42-43, 46, 52, 
54, 58, 166-167, 168-169, 
404,412 

hydroxyapatite, 94 
hypodermis, 106 
hypophysis. See pituitary gland 
hypothalaimis, 210-211, 

220-221,222,248-249, 
250-252, 252, 256, 362, 

368, 436, 454, 466, 468 

ieons in the book, 2 
iliae erest, 148, 183 
ilium, 148,380-381,395 


imimine system and response, 

26-27, 256, 336-341 
implantation, embryo, 470 
impulse 

conduction, 194-199, 204 
pathway, heart, 286-287 
incus (ear), 266-267 
infeetion, 340 

inflammation, 276, 336, 340-341 
infundibulum, 213, 220, 
248-249,250-251 
inhibin, 454, 466 
insulin, 242, 244-245, 386, 388 
integumentary system, 26-27, 

106-107 

interealated dise, 98-99 
interleukin, 338 
interneurons, 206, 228 
interstitial fluid/spaees, 26-27, 
50-51, 194, 334, 335,430, 
446 

intervertebral dises, 92-98 
intestinal phase of digestion, 
368-369 
intraeelhilar 

fluid, 56, 194-195, 196, 198 
junctions, 62-63 
ions, 44, 56, 58 
ammonium, 430 
biearbonate, 370 
ehloride, 428, 438 
hydrogen, 408, 422, 430, 432, 
434 

sodirim and potasshim, 194, 
196, 198,384, 422,431,438 
iris (eye), 264 
iron (Fe), 390 

ischium and isehial mberosity, 
148 

islets of Langerhans, 386 
isthimis (female), 460 

jaw, 374-375 
jejunum, 380-381 
joints 

balhand-soeket, 148, 150 
cartilaginous, 93, 158 
elbow, 158 
fibrous, 158 
knee, 152, 158 
shoulder, 142 
synovial, 158-159 
juxtaglomerular (JG) eells, 
426-427, 442 

K + ehannel, 194-195. 196-197, 
198 

keratin/keratinization, 72-73 
ketones / ketogenesis, 412 
kidneys, 67, 254-259, 296, 300, 
310,414,418,420-421, 

423, 426, 432, 434, 436, 442 


knee 

'jerk reflex, 208 
joint, 152 
kneeeap, 150 
Korotkoff, sound of, 300 
Kupffer’s eells, 390 

labia 

folds, 446 

minora and majora, 372, 456, 
458 

laerimal gland, 262-263 
laeteal, 380, 384 
laetie aeid, 168-169, 310, 356, 
410 

laermae, 88, 90, 92, 94, 112 
lamellae, 94, 112 
laminar blood flow, 298-299 
language of anatomy, 16-18 
large intestine, 380, 382, 394-397 
laryngopharynx, 344 
larynx, 344-345, 376 
lateralization, 224-225 
leg 

arteries, 312 

muscles, 170-171, 180-181 
lenkoeytes, 274-275, 276-277 
LH hormone, 250, 446, 454, 466, 
468 
ligaments 
eoronary, 390 
definition, 158 
faleiform, 390 
kneeeap, 150 
ovarian, 462 
patellar, 152 

limbie system, 222-223, 362 
lip, 372 

lipase, 370, 386, 388-389, 392 
lipid(s), 80-81, 106, 190, 366, 
384, 390, 400-401 
ermilsifieation, 388, 392 
metabolism, 412-413 
solubility, 44, 46, 52, 54, 240 
lipogenesis, 412 
lipolysis, 256 

liver, 168, 252-253, 296, 390-391, 
392,393,400,410,412,414 
himen, 26, 51, 468 
lungs, 65,71,344, 346,347,350, 
354, 358-359 

lymph / lymphatie system, 
334-335, 338, 340, 384 
lymphoeytes, 276-277, 336, 
338-339 

lymphotoxin, 338 
lysosome, 338 
lysozyme, 336, 376 

maeromoleeLiles, 26, 38, 366, 384 
maerophages, 54, 334, 338 
alveolar, 350 
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macula densa, 426 
macula lntea, 364 
magnesÌLim, 428 
male reproductive system, 447, 
448-455 
ducts, 448-449 

malleolus, lateral and medial, 152 
malleus (ear), 266-267 
manubrium, 138 
marrow, yellow, 110 
mastoid proeess, 120 
matrix, 88, 90, 92 
medulla oblongata, 210-211, 
218-219, 292,308,310, 
368,376 

respiratory eenters, 360-361, 
362-363 

medullary eavity, 110, 112 
meiosis, 452, 462-463 
melanoeytes, 456, 458 
melatonin, 210 
membrane. See also plasma 
membrane 
mitoehondrial, 408 
potential, 56-57, 194, 196, 198 
memory 

B and T eells, 338-339 
meninges, 206-207 
menstmation, 456, 458, 460, 468 
mereriry, 348 
mesentery, 380-381 
metabolism, 252, 356, 430, 432 
brain, 226-227 
earbohydrate, 402-403 
energy, 400-401 
lipid, 412-413 
metaearpals, 146-147 
metamorphosis, 452 
metatarsals, 154-155 
methane gas, 396 
mierobes, 336, 338 
mierofilaments, 32, 62-63 
mierophages, 338 
microtubules, 32, 452 
mierovilli, 32, 268, 380-381, 384 
micturation, 418 
midbrain, 210-211 
mineraloeortieoids, 254 
minerals (nutrient), 380 
mitoehondria, 32, 168-169, 226, 
400, 401,408, 452 
mitosis, 36-37, 452 
molecules, 26 
earrier, 404, 410 
monoeytes, 276-277 
monoglyeerides, 366, 384-385, 
388, 400 

monosaeeharides, 366, 380, 
384-385 

mons pubis, 456, 458 
mornla, 470 


motility in large intestine, 

396-387 

motor 

areas in brain, 216-217 
neurons, 192-193, 200-201, 
208-209, 228 
mRNA, 40-41, 240-241 
MSH hormone, 250 
mucin, 376 

mucosa, 372, 379, 380, 392 
mucous 

digestive, 368, 370, 376, 384 
membranes, 336 
mtisele(s), 97 

abdominal, 170-171, 174-175 

ankle, 180-181 

arm and forearm, 170-171, 

176-177 

arreetor pili, 106 
baek, 170-171, 182-183 
bieeps braehii, 187 
braehioradialis, 176-177 
eardiae, 98-99, 286-287, 288, 
290, 296,412 

eontraetion, 110, 164-165, 
166-167, 168-169,306 
deep, 174-175, 182-183 
extensor digitoriim, 176-177, 
180-181 

faeial, 170-171, 172-173 
fibularis longus, 180-181 
flexor, 176 
foot, 180-181 

gastrocnemius, 180-181, 306 
glnteal region, 182-183 
hamstrings, 178-179 
head, 172-173 
hip, 170-171 
latissimiis dorsi, 182-183 
leg, 170-171, 180-181 
neek, 170-171, 174-175, 
182-183 

nerve eonneetion, 192-193 
peetoralis major, 174-175 
pelvis, 170-171 
pharyngeal, 376 
quadriceps, 178-179, 208 
quadriceps femoris, 178-179 
rotator cuff, 182-183 
sartorms, 178-179 
serratus anterior, 174-175 
shotilder, 170-171, 174-175, 
182-183 

skeletal, 96-97, 162-163, 164, 
170-171, 192,292,356, 
400, 410 

sliding filament meehanism, 
164-165 

smooth, 100-101,392, 394, 
396, 426, 436 
soleus, 180-181 


stiperfieial, 174-175, 176-177, 
180-181, 182-183 
thigh, 170-171, 178-179 
thorax, 170-171, 174-175 
tibialis, 181 
of toes, 180-181 
trieeps braehii, 183 
vohmtary, 216 
musculosketal system, 26 
myelination, 190-191 
myelin sheath, 190-191, 

198-199, 202 
myoeardial infaretion, 282 
myoeardiLim, 284 
myofibrils, 162 
myoglobin, 226 
myometrium, 458, 460 
myosin, 162-163, 164-165, 
166-167 

Na + ehannels, 194-195, 196-197, 
198-199,344. See also 

sodiLim 

NADH eoenzyme, 404, 406, 408, 
410 

nasal 

eavity, 270-271, 344, 372 

eoneha, 122 
erest, 128 
septrim, 122 

nasopharynx, 266, 344, 372 
neek, 135 

arteries, 312, 314 
imiseles, 170-171, 174-178, 
182-183 
veins, 322, 324 

nephron(s), 254, 310, 422-425, 
426, 434. See also kidneys 
glomemlar filtration, 426-427 
tubular reabsorption, 428-429 
tubular seeretion, 430-431 
nephron loop, 438-441 
nerves/nervous tissLie, 192, 203. 
See also eentral nervous 
system; peripheral nervous 
system; vagus nerve 
aeeessory, 212 
eardiae aeeelerator, 292 
eranial, 212-213, 232-233, 270 
dental, 374 

femoral, 202 

imprdse, 164, 188-189, 226, 
252. See also impulse 
conduction 
motor, 186-187 
olfaetory, 187 
peripheral, 202, 206 
seiatie, 202 
sensory, 186-187 
in skin, 106 
spinal, 187, 206-207 


trigeminal, 213 
vasomotor, 292 
nervous 

system, 26-27, 186-187, 248, 
250, 368 
tissLie, 102-103 
neLiral regulation of GFR, 426 
neurilemma, 190 
neriroglia, 102 

neurolemmocytes, 190, 198, 202 
neuromuscular and neurc>neuro 
junctions, 200-201 
neurons, 102-103, 188-189, 
193-194 
ANS, 230, 234 
brain, 226-227 
motor, 192-193, 200-201, 
208-209 

rrmltipolar, 190-191 
myelinated and unmyelinated, 
195,196-197, 198-199 
olfaetory, 270 
sensory, 208-209, 228, 292 
neurosecretion, 248 
neurotransmitters, 34, 188, 
192-193, 200 
neutrophils, 276-277 
Nissl bodies, 190 
nitrie oxide, 310 
nitrogen, 348 
wastes, 26-27 

nodes of Ranvier, 198, 199, 204 
norepinephrine, 234, 242, 
252-253,308,310-311 
nose, 344- See also nasal 
nuclear pore, 240 
nucleases, 386, 388 
nrieleie aeid, 368 
nucleotides, 38-39, 40, 380 
nucleus, 32, 102-103, 190 
nutrients, 32, 46, 296, 380, 
384-385, 400, 418, 429 

obtrirator foramen, 148 
oeeipital lobe, 216-217 
oleeranon fossa and proeess, 142, 

144 

olfaetion, sense of, 270-271 
olfaetory 

bulbs, 222, 270 
organs, 122, 187, 270 
oligodendroeytes, 190 
ooeytes, 462, 464, 466, 468, 470 
oogenesis, 462-463, 464, 470 
optie 

dise, 264 
nerve, 263, 264 
oral eavity, 368, 372-473, 376 
orbital 

complex, 115 
proeess, 128 
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organelles, 32, 102, 190, 192 
organs, 26 
organisms, 26 
organ of Corti, 266-267 
organ systems, 26-27 
oropharynx, 344 
osmolarity, 438, 440 
osmoreeeptors, 436-437 
osmosis, 48-49, 58, 304, 396, 

428, 438, 440 
ossa coxae, 148-149 
ossieles (ear), 266 
ossifieation, 120 
osteoblasts and osteoelasts, 

246-247 

osteoeytes, 94, 112 
osteon, 94-95, 112-113 
oval window (ear), 266 
ovarian eyele, 454, 464-469 
ovaries and ova, 296, 446, 458, 
460, 464, 465, 468-469 
ovulation, 462, 464, 466, 468-469 
oxidation, 402, 412 
oxidatioivreduction reaetions, 
42,410 

oxygen, 26, 44, 45, 46, 226-227, 
280, 292, 296, 302, 306 
in earbohydrate metabolism, 
402 

in ETS, 408 

in respiratory system, 344, 346, 
348, 350, 352-353, 354, 362 

oxygen-hemoglobin dissoeiation 
curve, 356-357 
oxytocin, 28, 220, 242, 248 

paeemakers, internal, 292. 

See also heart 
pain, deteeting, 106 
palate, hard and soft, 372, 376 
palatine bones and proeess, 
128-129 

palatoglossal and palato- 
pharyngeal arehes, 372 
panereas, 239, 244-245, 
370-371,386-389 
papillae, tongue, 268 
parasympathetie division of 

ANS, 232-233, 234, 235, 
368-369, 376 
parathyroid, 239 
hormone (PTH), 246-247 
passive membrane transport, 

44-45,46-51,52,54 
patella, 150-151, 181 
pathogens, 226, 334, 336, 338 
PC and CT (kidney), 434-435 
pelvis, 148-149, 420 
arteries, 320-321 
muscles, 170-171 
veins, 330-331 


penieillin, 430 

penis, 446, 450-451, 454, 456, 
458 

pepsin, 378-379 
pepsinogen, 368, 370, 378-379 
peptides, 242, 384, 454, 466, 468 
perforin, 338 
perimetrium, 458, 460 
perimysium, 162 
periosteiim, 74, 110 
peripheral nervoiis system (PNS), 
186-187, 190, 198, 202-205 
peristalsis, 368, 376, 382-383, 

396 

peritoneum, 418, 462 
permeability, 50, 56 
of eapillaries, 296, 334, 390 
lipid, 44 

in nephron loop, 438, 440 
seleetive, 46 
peroxisome, 32 
perspiration. See sweating 
pH, blood, 368,410, 430, 432, 
433,434 

P H seale, 432-433 
phagoeytes /phagoeytosis, 54, 
338-339, 340-341 
phalanges, 146-147, 154-155 
pharynx, 372 

phosphate group, 42-43, 168, 

408 

phospholipids, 34-35, 44, 412 
phosphorylation, 168-169 
photoreeeptors, 194, 264 
pia mater, 206 
pinoeytosis, 54, 55 
pitoein, 101 

pituitary gland, 220-221, 239, 
436, 466 

anterior, 250-252, 258 
posterior, 248-249 
plaeenta, 239, 470, 472 
plaques, 62-63, 298 
plasma 

blood, 174, 296,334-335,418 
eells, 340-341 
in kidney, 424 
proteins, 244, 340, 390, 442 
plasma membrane, 32, 34-35, 
56-57,62, 194-195,338, 
340, 384 

transport 

aetive, 44-45, 52-53, 54 
diffusion, 46-47 
filtration, 50-51 
osmosis, 48-49, 396 
passive, 44-45, 48 
platelets, blood, 274 
plieae circulares, 380-381, 384 


podoeytes, 422 
polar body, 462 
polypeptide, 40, 340, 386, 388 
pons, 210-211, 214-215, 218 
respiratory eenter, 360-361, 
362-363 

portal systems, 250, 296 
potassium, 56-57, 58, 200, 

254-255,310, 396,422,428 
P0 2 , 352-353, 356-357, 362 
pregnaney, 472-473 
preptiee, 450, 456 
PRL hormone, 250 
proprioeeptors, 292-293, 310-311, 
362-363 
progestins, 464 
progesterone, 462, 466, 468 
prostate, 446 
proteases, 388-389 
protein(s), 48, 58, 106, 168, 366 
ABP, 454 

breakdown, 356, 412 
earriers, 56, 240-241, 242 
ehannel, 44-45 
digestion, 368, 384, 385, 415 
G, 242,243 
integral, 34 
kinase, 242 
markers, 338-339 
membrane, 194, 358, 408, 430, 
431 

metabolism, 400-401, 414-415 
in nerve eondiietion, 190 
noivsteroid, 242 
peripheral, 34 
phosphorylated, 242-243 
plasma, 244, 340, 390, 442 
pump, 44, 52-53 
synthesis, 32, 36, 40-41, 
414-415 
Y'shaped, 336 
Zdines, 162, 164 
ptiberty, 258-259, 446, 452, 454 
pubic 

hair, 456, 488 
symphysis, 458, 472 
pulmonary 
eapillaries, 296 
circuit, 280-281 
eontrols on respiration, 362 
pulp eavity (tooth), 374 
Ptirkinje fibers, 286-287 
pyrnvie aeid, 168-169, 227, 400, 
404-405,406-407,410,412 

quadriceps mtiseles, 178-179, 208 

RAA meehanism/system, 

254-255,310-311,442-443 
radms (arm), 142, 144-145 


Rami communicantes, 206-207 
reabsorption 

digestive, 304-305, 310, 394 
in nephron/kidney, 422, 
428-429, 436, 438 
reeeptors. See also sensory 
reeeptors 
ANS, 234-235 
GnRH, 454, 468 
hormone, 238-239 
lung, 362-363 
reettim, 394, 396, 394, 396 
red blood eells, 51, 274, 355, 

358- 359. See also blood eells 
reduction reaetion, 410 
reflexes, 208-209 

auditory, 218 
autonomic, 228-229, 234 
defeeation, 396 
renal, 426 

somatie, 208, 228-229 
regional terms, 17-18 
releasing faetors (RFs), 250 
renal. See also kidneys 
faihire, 442 

stmetLires, 420-423, 428 
tubules, 434, 436 
renin, 254, 426, 442 
reproductive systems, 26-27, 
446-447 

resistanee, speeifie, 336-337 
respiration 

aerobie, 168-169, 410 
brain stem eenter of, 210, 432 
eelhilar, 32, 402-403 
ehemieal and neural influences 
on,362-363 

external and internal, 352-353 
neural eontrol / infltienees, 

359- 360 
rate, 362 

respiratory 
flowchart, 346 
pump, 306-307 
system, 26-27, 344-345 
resting potential. See membrane 
potential 

reticular formation, 218-219 
retina, 194, 264 
ribosomes, 32, 40-41, 240 
ribs, 138-139 
false (“floating”), 138-139 
RNA, 40-41. See also mRNA 
rods (eye), 264 
root eanal, 374 
rotator cuff, 182-183 
mgae, 378 

saemm, 130-131, 148-149 
salivary glands / saliva, 368, 

376-377 
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salty filtrates/saltiness (urinary), 
438, 440 

sareolemma, 97, 169. See also 
plasma membrane 
sareomere, 162, 163, 164-165, 
166-167 

scapula, 140-141, 177 
Schwann eells, 190, 198, 202 
selera, 264-265 
scrotum/serotal sae, 446, 458 
seeretin, 368, 370-371, 388 
seeretion (digestive), 396-397, 
442, 430, 434. See also 
tiibiilar seeretion 
segmentation, 382-383, 396 
sella turcica, 117, 124, 126, 248, 
250 

semilunar valves, 284-285, 290 
seminal vesiele, 446 
seminiferous tubule, 452, 454 
sensory 

areas (brain), 216-217 
neurons, 208-209, 228, 292 
transduction, 204-205 
sensory reeeptors, 106, 186-187, 
188, 192-193, 204, 292, 368 
sex 

eells, 446 
steroids, 258-259 
sexual intercourse / excitation, 
456, 458, 462 
shoulder 
arteries, 312 
blade, 140 
joint, 142 

imiseles, 170-171, 174-175, 
182-183 

veins, 322, 328-329 
sinus(es) 
earotid, 292 
paranasal, 344 
sinusoids, 390 

skeletal / skeleton. See also bones; 
muscles 

appendicular, 140 
axial, 114 

muscle pump, 306-307 
muscles, 96-97, 162-163, 170, 
292,356,400, 410 
skin, 73-74, 84, 86-87, 106-107, 
336 

skull, 114-118, 122-123, 125, 
127,129 
fetal, 119 
sutures, 158 

small intestine, 69, 380-385, 396, 
400 

smell, sense of, 187, 270, 368. 

See also olfaetory 
sodium, 56-57, 254-255, 384, 
396, 424, 428 


sodium'potassium pump, 52, 
58-59, 194-195 

solute / solute eoneentration and 
diffusion, 46-47, 48, 52, 
302-303,304, 396 
in kidney, 428, 432,438,440 
soma, 190. See also eell body 
somatie reflex are, 208-209 
somatie sensory assoeiation area 
of brain, 216-217 
somatostatin, 386, 388 
speeeh area of brain, 216-217 
sperm, 446, 470 

eell development and produc- 
tion, 452-453, 454-455 
spermatids/spermatoeytes, 452 
spermatogenesis, 449 
sphenoid, 124-125 
foramina, 126-127 
sphineter 

esophageal, 370, 376 
hepatopanereatie, 370, 
386-387, 388, 392 
preeapillary, 302 
spinal 

eord, 187, 190, 204, 206-210 
horns, 206 
nerves, 187 
saeral region, 232 
spleen, 82-83, 296, 297, 338, 340 
squamous, definition, 120 
stapes (ear), 266-267 
sternum, 138-139 
steroid(s) 

hormones, 240-241 
sex, 258 

stethoseope, 298 
stimidi, 26, 189, 192, 192-193, 
194-195, 197,216. See also 
nervous system 

stomaeh, 368, 376, 378-379, 380, 
382 

stress, effeets of, 256-257, 308, 
362 

striations, 96, 98-99 
stroke, 298 

stroke vohime, 308-309 
styloid proeess, 120 
SLileris, definition, 210, 282, 283 
sulfuric aeid, 434 
surfactant and surface tension, 
350-351 

swallowing, 376-378 
sweating, 436-437 
sympathetie nervous system, 

230-231,234, 235,252, 

292, 368-369, 376, 426 
synapse, 188, 192, 234 
synaptie 

knobs, 102, 188, 190, 192-193, 
194-195, 197 
transmission, 199-200 


synovial fluid and joint, 158-159 
systole, 290 

taetile reeeptors ,376 
tailbone. See coccyx 
tarsals, 154-155 
Teells, 336-337,338-339 
taste and taste buds, 187, 
268-269, 368, 376. 

See also gustatory 
teeth. See tooth 
temporal 

bone and proeess, 120 
lobe, 216 
tendons 
Aehilles’, 85 
ealeaneal, 181 
patellar, 181, 208 
tenia eoli, 396, 396 
testes, 239, 258-259, 296, 446, 
449, 452-453, 454 
testosterone, 258-259, 446, 452, 
454 

thalaimis, 210-211, 222 
thigh 

arteries, 312 

rmiseles, 170-171, 178-179 
thoraeie 

eavity, 306-307 
vertebrae, 135 
thorax 

arteries, 312, 317-318 
rrmseles, 170-171, 174-175 
veins, 322 
thromboeytes, 274 
thumb, 146 
thymus gland, 338 
thyroid gland, 239 
tibia, 150, 152-153, 154, 

180-181 
tissues, 26, 62 

adipose, 76-77, 80-81, 168, 
412 

bone, 94-95 
eonneetive, 62, 76-77, 
162-163, 202, 204. See also 

eonneetive tissLies 
epithelial, 62-63, 468 
lymphatie, 372 
muscular/muscle, 62, 192 
nervous, 62, 102-103 
toes, 154, 180-181 
tongue, 187, 268-269, 372, 376 
tonsils, palatine, 372 
tooth, 376 

anatomy and types, 374-375 
touch, sense of, 187 
toxicity/toxins, 50, 226, 296 
transanimation, 414-415 
triglyeerides, 368, 370, 384-385, 
400,412,414 


tRNA, 40 
troehlea, 142 
troehlear noteh, 145 
TSH, 250 

tubular seeretion, 230-231 
tunica externa, media, and 
interna, 294 

ulna, 142, 144-145 
Limbilieal eord, 472 
upper limb 

arteries, 317-318 
veins, 328-329 
urea, 414, 424, 430, 440 
ureters, 418, 420 
urethra, 418, 456 
urinary 

bladder, 74-75, 418, 429, 456, 
472 

system, 26-27, 418-419 
urine, 26-27, 50, 248, 252, 296, 
414,418, 422,424, 429, 
430, 431,432,434-435, 
436, 440, 456 
uterine 

eavity, 468, 470 
eyele, 468-469 
tube, 446 

uterus, 248, 446, 458, 460, 468, 
470, 472 
uvula, 372, 376 

vacuoles, 80-81 
vagina, 446, 456, 48, 460, 472 
vagus nerve, 232-233, 292-293, 
368, 369 
valves 

semilumar, 306, 334, 334 
tricuspid, 224 
vasa reeta, 440 
vascularization, 468 
vascular tunic, 264 
vasoeonstrietion, 292, 426-427, 
442 

vasodilators, 310-311, 427 
veins, 51, 294-296, 300, 306 
abdomen, 322, 326-327 
arm, 322 
eardiae, 184 
eoronary, 282 

dental, 374 
gonadal, 326 
head and neek, 322-323 
hepatie, 326, 390 
hypophyseal, 250 
leg, 322 
ovarian, 464 
peripheral, 306 
portal, 250, 390 
renal, 326, 418 
shoulder, 322 
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thigh, 322 
thorax, 322 
stibelavian, 334, 384 
umbilical, 390, 472 
upper limb and shoulder, 
328-329 

vena eava, 295, 296-297, 306, 
326 

ventrieles 
brain, 214 

heart, 214, 280, 282, 284-285, 
286, 290, 296, 300 
venules, 294-296, 302 
vertebrae, 130-131, 206 
eervieal, 132 

lmnbar versus thoraeie, 134-137 
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vertebral 
areh, 136 
foramen, 134 
vesiele, 32 

aetive transport in, 54-55 
hormone, 248 
seminal, 446 
vestibule, 456 
villi, 380-381, 384-385 
vimses, 274, 336 
vision, 262-265 
visual 

analogies, 2 

assoeiation area (brain), 210, 

216-217 
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